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 60=%: 1 b9 O0= F/G[AC 

T--E#I #  

=%: )%8 e?( 'B I # $5 ( d-?# 

 'B I # $5 ( X 3 1 $5%?& j,N
 f=5 2=%:)4'-& V)%n )5( 

2)'(d-?# 1  -34)5 M5'C kF%.  

 

M5'C9 MHAA(  . M5'C g0)d# 1 24'8 
>!F 2HAB kc. 2':: 

- l[8 R:  
- MHC9  B TK. )=%& 

- TK. )=%&-6!?( )=%&   
 

>!F b'c*&= kc. 2HAB 
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 q1H_1- >@= C6P( # R-C # I   

/P@ C  r F  

1  
     T*9&>>1#H R>!D  E&>S *9&>>1#H %2>'2E C50>>g# 9. L.4I&^>E # x@.2>1   {R>>s

T*9&1#H  %5ER3 #!'T$4S W&M). *&I %2S :1HR@ # *H#V.  

2  
 T&>N5@.RK &2) # $%.% W&M). &N7R3 # *9&1#H 9. :@&<9H.       C>X~ .R>)V L4>S # C0>1#

45J7.  

3  

@ &>>N7R3 %5ER>>3 *.R>>@ *H.4>>N`) # R>>5!03 A>>1&JE &2>>) C50>>g# # H.4>>(E m&>>1.R
!R3 45}&!) P5503 :h%H2K.  

-        :>@.RK Z#4>@ &< Q12,E 4" H% /5S&" :@.RK # $%2@ %&<9 4" H% &N7R3 H.4(E 
/<#H :[r1 %5ER3           C1.  

-          Z#4@ &< Q12,E 4" H% /5S&" :@.RK # $%2@ Q12,E &3 %7 4" H% &N7R3 H.4(E 
 *R5h9H%           C1. :@.RK  

- H.4>>(E                          C>>1. %&>><9 4>>" H% /5>>S&" :>>@.RK # $%2>>@ Q>>12,E 4>>" H% &>>N7R3
 !R3 R5!03*  

4  

45J7 )?^E .H *R5h9H% U#H :  
-               9. R,^>5@ $&>1 H% ZV :h4>S9&@ Z.85E &< *RD /7 :<&N7R3 3   R>55�3 R>,!565E 

:E  !R3 *4JX@V           4J7  
-         H% ZV :h4>S9&@ Z.85E &< *RD /7 :<&N7R3        9. R>,!7 $&>1 3     R>55�3 R>,!565E 

:E  !R3 Z%R7R_           4J7  

5  

%2S F&?,). *R5h9H% L&56!D W&M). U#H # %.2E R<9 L&e"tE m&1.R@:  
- .2I # FV   
- \5].R3 )%7 > Q12,E > %&<9(  
- !R3 L&+?^E )> *RD :@.RK L4S(  
- %2'2E :)&O). *#R5) # L.85NM3   
- Z%2@ /]R+@ Z#R(E )5_ /J<8I ZV %R;6!D # %5ER3 $4S :J5@ =(  

6  %2S /5N3 L.85NM3 # %.2E .  

7  45J7 :1HR@ # .R'. .H !R3 %5ER3 L&56!D .  
  

*                      6hG?< M)'h. 'h0 6G?< /Pn1 S1) 'B /B',C g-?< /?-& 1 g-?< V)%mB /( Q8= 6Ea%C 24'pKB S1) j0

 6C = _=           X 3 Q7'"89 kc. WI # S B >C'F 1 5%F)HMA(    )5 $dcC $1)5 /B          R(= h# X'^&= 1 W/0s 15 '0 j0 

6C `8'AC R(= # /B 6B'-*85 )%tAC /B HF'B.  
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 q1H_2-6B= N VHF T--E# 2'?A:=)   

 )5 I # 6[N q%u100 24'81) /E[o  *C) T0s j0(  VHF  

m 10<  %7  

10 &3135R,E   Q12,E  

m 135>  %&<9  
  

  

   $#4' H%3          H. *H.4>N`) # R5!03 &2) P5503 *.R@ :67 *&I%2!JIH T ><.    C>1. $4>S / .           

 H2eJE /@  Z%2@ R~2E        4JS&@ :!7 :65K *&N@&0^). *.H.% 4<&@ &N7R3 T*R5h9H%  )    >Y. C!O-

 ;>>S F #1 .(  *%&>><9 :>>65K *&N@&0^>>). *.H.% />>7 *&>>N7R3 *R>>5h9H%4J,O>>I  # R~2>>E

C5(]2E  85EV:!)  4S&@)  ;S + C!O-1.(   

        :Y2s T:gRD *&N7R3 Z%R7 R_ &< *4JX@V :67 H2r@      />@ :`,O>@ T:1&;0). #  H.4>(E # 

  :E T&N)V L4S    4S&@ R~2E 4).23 .               R>!D =<.8>]. H% T%&><9 /6>u&] &>@ :726@ *&N7R3 Z%R7 R_

:E R~2E *9&1#H 4S&@.  

             />XY :SR@ *&N7R3 85) # :S8�Y T:`,OK :h%H2K !R3 *.H.% *&N<9&1#H *R5h9H%

:!) *%&+,-. # R~2E 4S&@.C125_ H%  3<.  6D # &N7R3 &.2). C1. $4S /<.H. &N)V %&M.  

  
  

 q1H_3-) = T--E# 2'?A:S1)2)=HK+& 1  -?E#   

6B= N l[8 O8%*C/-F'@ '0 M)=%05  I # )I # q%u 4= 2Hn)5(   VHF

I # 635)%N  R()0- 25(  O8%*C)26-50(  5'04)51-100(  

%7  ,5I   &< ,5I*R5h9H%  !R3 R5!03  

Q12,E  *R5h9H%  *R5h9H%  !R3 R5!03  

%&<9  #H %5ER3/<  /<#H %5ER3  *9&ON@ # %5ER3  
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 >!F1- 'B 2'K( #   1 QE81 05'GCvP*cC   

  

3-  'K( # 2 -34)5 S1) T--E#)$5 ( . '0 2HAJB9(  
  H.4(E   *RD R55�3/)&5Y&1      :<&>E% L.R55�3 9. :S&) !R3  # T      T!R>3 &2>) D& >E    :6>u. 

  P5503   *R5h9H% U#H $4JJ7 )R_ &< *4JX@V&N7R3 Z%R7  ( C>1.. >!0E     &>@ $&>0] *&>N7R3 Tf2

  /XY %#4[E :@.RK)  !R3 $H.2<%(     H% T%2!) *4JX@V 4<&@ .H        :>@.RK &@ $&0]R5B *&N7R3 /;5Y&"

 Q12,E $H.2<% &3$H.2<%R_ 4<&@ .H :@.RK Z#4@  %2!).  

 q'ED I #:    !R3 9. C1. LH&XD         9. :>S&) !R>3 *RD R55�3 Z.85E ZV H% /7 :h%H2K

R,^5@ $&1 $2s H% :<&E% L.R55�3 9. 3:E R,!565E  4S&@.  

  q'ED  -w I #:    !R3 9. C1. LH&XD            :S&) !R3 *RD R55�3 Z.85E ZV H% /7 :h%H2K

 9. R,!7 $&1 $2s H% :<&E% L.R55�3 9.3:E R,!565E  4S&@.  

    :E :gRD f2!0E $&0] *&N7R3 4JS&@ .  $&" RN@ &E.           FH2>E # :Y2>s *&>N7R3 :z>0@ 

       C>7R" &< :<&M@&' H&50E C1. P;!Emm 3    $&>1 $2>s H% .H  4)9&>1 $%H#VR>@ .  *&>N7R3

   TFH2E *&N7R3  E&S $&0]R5B                   9. %>7 /6>u&] &>@ :>gRD *&>N7R3 T:Y2>s *&>N7R3 R,^>5@ 

:E :726@ *&N7R3 :KR@ # R`<4;< S24). 

     T&N7R3 *R5h9H% U#H F&?,).)  U#H*4JX@V   !R3       Z%R>7 R_ U#H &< # (    m&>1. R>@

@ # R<9 {R^@ T!R3 /XY :@.RK L4S # !R3 *RD1. &, 9. $%&b $#4'4:E P5503  %2S .  

)v7=( 

)b( 

)x( 
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-      :<2E *&N7R3 %5ER3 *.R@)      9. R,!7 *RD &@ *&N7R36 R,!565E  (    %7.R>3 /;53H2u H%

                 5>1 *Ht>1. R>5e) :,d&b" *&N,Y&b1V 9. $%&b,1. T4S&@ %&<9 $%#4[E \< H% &N)V

)slurry seal( A1&JE C1. .  

-   *R5h9H% *RD &@ *&N7R312-6@ R,!565E U#H /V  *4JX@ !R3A1&JE C1. R3.  

-   *R5h9H%    *RD &@ *&N7R320-12:@.RK /;53H2u H% R,!565E $H.2<%   !R3  4>" H%

4S&@ :!7T  /@ U#H!R3 *4JX@VC1. A1&JE  . 

-   *R5h9H%    *RD &@ *&N7R320-12 :@.RK /;53H2u H% R,!565E !R3 $H.2<%  4>" H% 

4S&@ Q12,ET  /@C1. A1&JE Z%R7R_ U#H . 

-   *R5h9H%    *RD &@ *&N7R325-20 R,!565E   4>" H% !R3 $H.2<% :@.RK /;53H2u H%

 /@ T4S&@ Q12,E &3 %7C1. A1&JE Z%R7R_ U#H . 

-        9. R,hH8@ !R3 *RD /;53H2u H% 25      :>@.RK # R,!565E  $H.2><%       T4>S&@ %>7 !R>3 

  *Ht1. 9. $%&b,1.     /1&E &< #  51     :E A1&JE CY&b1V  4S&@ .     />XY :@.RK /;53H2u H%

  !R3        />;Y U#H /@ :,O<&@ T4S&@ 4<4S &3 Q12,E          %2>'2E :>@.RK :0>g2E *R>5h

 %5ER3%%Rh .  

!R3 *4JX@V ) *4JX@V # !R3 UR@  (*9&1#H *.R@ :!) /5u23R<9 Q<.RS &@ *&I %2S:  

-  *H&!121 C12_ *&N7R3 *.H.% *9&1#H # H.4(E Z%2@ %&<97R3&N.  

-  9. R,^5@ :,Y&b1V =7#H R!D104S&@ $&1 . 

- ER3 L&56!D4S&@ Re) 4E $4J<V H% *9&ON@ # %5. 

-%&<9 &3 Q12,E \5].R3 &@ *&NI.H H% :Y2s *&N7R3 .  
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 q1H_4- 2'?A:=) 2 -34)5 S1) b'c*&= )'K( # $5 ( . '0 2HAJB9(  

2 -34)5 S1)  
I # V'mc,C  

I # 2HAJB9  I # $5 ( .  

!R3 *RD)mm(   6-20  6-25  

 !R3 $H.2<% :@.RK

)/,12_  N7R3 # :h4S *&

/<2)&~(  

 9. R,!725 $2s 4uH% 

!R3  

 9. R,!7 &3 ,5I50 4uH% 

!R3 $2s  

 /)&5Y&1 *RD R55�3 Z.85E

!R3)mm(   
3!  3<  

!R3 &2)  

:3H.R" :gRD *&N7R3  

*4J@#% :Y2s *&N7R3  

:1&;0). *&N7R3  

  

*4J@#% :Y2s *&N7R3  

:1&;0). :Y2s *&N7R3  

/XY :SR@ *&N7R3  

%&<9 /6u&] &@ :726@ *&N7R3  

  

4-   $'C4 2 -34)5 V'-P?< X'^&= 'K( #)2HAJB9'0  . $5 ((  
      *R5h9H% W&M). *.R@ Q<.RS P<R,N@    H% Q5>[E :<&>E% Q<.RS # *9&1#H Z%2@ \^K

   $4,0E 4") 85<&_  +] #  *&E%  10   &320  %.R`5,)&1 /'H%( :E   4>S&@.     -.4>"    *.2>I *&>E%

 H&7  @&- 9&ME7:E R,^5@ # %.R`5,)&1 /'H%  4S&@.  

  

5-'c*&=  M5'C bHAJB9 MHAA( . '0   
 :67 H2r@    R5h9H% %.2E   9.  ;^,E#%   $#Rh        :>E WR>h # %R1 \5,1t_2ER3 %.2E   %2>S .

           :<.2I # FV Q<.RS /@ /'23 &@ :,O<&@ T*R5h9H% U#H F&?,). # T*9&1#H :@&<9H. 9. p_

         <# # T.R'. Z&E9 H% :<.2I # FV Q<.RS T/(rJE    :hc           A>1&JE R>5h9H% $%&E &2) T!R3 *&I #

 ;S *4J@=?_ ZV   %2S F&?,). # )?^E . 
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v7=-  )5 M5'"*8= 5)%C 5=%C2HAJB9 'K( #  

        :67 H2r@L&E.8Y. &@ x@&rE %.2E) D1190( Type I   ASTM D6690 *R5h9H% *.R@ 

 xs&JE H% &@ *.2I # FV$4,0E&3   *&E%  -.4"  "C 18-  A1&JE,OI4J .  

     L&>E.8Y. &>@ x@&>rE />7 *%.2E) D3405 (II   ASTM D6690 Type  ,O>I  *.R>@ T4J

 &3 P5<&_ :<&I&E% H% $%&b,1. "C29-:<.2I # FV Q<.RS R,^5@ # T  A1&JE:E 4JS&@. 

 %.2E 4JX@V P5<&_ $#4E &@  &@ x@&rE  %H.4)&,>1.) D3405( IV   ASTM D6690 Type T

 *.2I # FV H% $%&b,1. *.R@ :65K &3 %R140-  %.R`5,)&1 A1&JE4J,OI.  

  

b- 'K( # $5 (  . )5 M5'"*8= 5)%C 5=%C  

 9. $%&b,1.     R5e) R5h9H% %.2E       T:)25OY2E. # $26[E *&IR5- T)Y&K R5-   T:;5,>1f R>5-  

     Z%R>7 R>_ *.R@ :)40E %.2E &< -&5Y. &@ $4S {tu. *&IR5- T$4S {tu. :)25OY2E. *&IR5-

 !R3%H.% %R@H&7.  

     50g %R;6!D  5Y4@      . # $26[E *&IR5- # )Y&K R5-  :)25OY2E  :>E /5u23   %2>ST  9. 

 T:;5,1f R5-                :)4>0E %.2>E &< -&5Y. &@ $4S {tu. *&IR5- T$4S {tu. :)25OY2E. *&IR5- 

%2S $%&b,1. !R3 Z%R7 R_ *.R@.  

  

6-= _= 2 -34)5 V'-P?< 2   

6-1-S1)  I # 2HAJB9 )  2HAJB9 1 I # S B(  

/6"RE .J_  E&S &N7R3 *4JX@V L&56!D{R^@ :E R<9  4S&@ :  

1-  !R3 UR@  

2-  !R3 Z%2!) \^K # Z%R7 85!3  

3- 4JX@V $%&E x<H83 # *9&1 $%&EV  

4-  $%&E Z%.%  ;SR5h9H%  

5- R5h9H% $%&E =S2_ *H&785!3 # 
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*R5h9H% P<2) U#H 9&5) %H2E L.85NM3)!R3 *4JX@V: (  

1- !R3 UR@ $&`,1% 

2-  .2I H21R|!7 

3- WRh *.2I H&^]  

4- R5h9H% $%&E x<H83 $&`,1%  

  

 6-1-1- I # S B   

-4IT!R3 UR@ 9.    %&M<.:Y&)&7 # /S2h C1.H # C14;<     8>7R!,E P>;!E 4" &3

  !R3 *#H R@   *.R@ T /5S&" P,]H P5@ 9. *R5h26'  %&M<. # !R3 *&I:Y&)&7  $%&>E =?_ *.R@ 

:E !R3 4JX@V 4S&@.  

       :E $%.% UR@ :E&`JI &N7R3 :67 H2s /@       $%&>0E :>gRD /7 4)2Smm 6   R,^>5@ &>< 

 4JS&@ /,S.% .   .H !R3   %2!) x5!D .H ZV 4<&X) # %2!) /<RD :74). 4<&@.    $%.% UR>@ *&>N7R3

4JS&@  ;S :65r,OE &< U2hH&N" 4<&@ $4S.   

 ;S      R5h9H% $%&E *4J@)  ;S A<Rg (     R5~&>3 ZV %R;6!D R@ T     C>1. H.G>h .  A<R>g

 ;S 9. C1. LH&XD  R5h9H% $%&E x!D /@ *RD CXO) .  T:<.2>I # FV Q<.R>S /@ :`,O@ 

% # Z8?E *RD:E R5�,E  ;S A<Rg /M5,) H 4S&@ .  

@ / UR@ *RD P5503 H2eJE!R3 $&)&7 /5u23 T:E  %H.2E %2SH R<9%Rh C<&D% :  

1-   -.4" 4<&@ UR@ RImm 3RI 9.  -Rs%H.%R@ .H !R3 .  

2- UR@ *RD R07.4" mm 38UR@ *RD  -.4" #   mm12:E  4S&@. 

3- T:<.2I # FV Q<.RS /@ :`,O@ *RD!R3  >S A<Rg /M5,) H% #   R>5�,E  ;

C1. .      ;S A<Rg P5503 *&!JI.H)   !R3 x!D # *RD (   $#4' H%5   /><.H. 

C1. $4S . 
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 q1H_5  >!F `0 a T--E# 2'?A:=)   

=%: 1 b9 U%&   I # L <)mm(  I # g?< )mm(  

WRh  12  19  

$4,0E  19  19  

%R1  30  12  

%R1 H&5O@  38  10  

  

- .h/<2)&~ !R3 T/5Y#. !R3 $2s H% R T4S $4I&^E *.  /)2!) 4J)&E    ;>S H% /7 *.2 

Z&^) $%.%  TC1. $4S H%  /;53H2u /6u&]  R,!7 &N)V 9. cm30 T4S&@     UR@ %.% %2S $ .

/<2)&~ *&N7R3  *.9. R,!7 /6u&] &@cm30%R7 *4JX@V # $%2!) 85!3 4<&@ &NJ3 .H .  

-       9. R,^5@ !R3 x!D Rh. 25     :>E /5u23 T4S&@ R,!565E          *%&+>,-. LH2>u H% %2>S

 =5_ TZ%2@          &&b3H. &3 /1&E &@ TR5h9H% $%&E x<H83 9. 25  P5<&_ R,!565E       'r>1 9. R>3 

*9&1#H /<#H :MJb1. /65E &< %2S R_ R@H&@1  A+) !R3  K.% H%%%Rh.  

  

  
 >!F2-/0%&'y I # 'B M= ?: /-71= I #   

                                                 
1- Backer Rod  
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6-1-2- I # $5%?& j,N 1 $5 ( d-?#   

             />Y&?) # H&>XB # %R>h 4<&@  !R3 UR@ 9. p_   >3 Z#H% 9. &>I  *9&O>7&_ !R %%R>h .  

      *R5h9H% L&56!D H% /6"RE P<R,!NE)      &>N7R3 Z%R>7R_ # *4>JX@V(T       \^>K # Z%R>7 8>5!3

 !R3 Z%2!):E 4S&@ . \^K # 85!3 :@2?@ A1&JE L.85NM3 &@ :,O<&@ &N7R34)%Rh.  

                  # %R>h # />Y&?) %4ME %#H# # Z4S  507 9. *R5h26' # !R3 *9&O7&_ H2eJE /@

  !R3 $&)&7 Z#H% /@ H&XBT !R3 Z%2!) \^K # Z%R7 85!3   4><&@    R><9 {R^>@ />6"RE #% H%

 W&M). %2S.   

• q1= /P@ C  

      TH21R|!7 \< 9. $%&b,1. &@         /Y&?) %.2E # H&XB # %Rh 9. !R3  *9&O7&_%%Rh.   H2eJE /@ 

  :E TC@2sH &< PB#H %2'# :1HR@ R@ .H H21R|!7 1J65S &< /Y2Y Z.23   R<&>3 \< 'r1 *#H

 CS.% $&`) .  # \^K *.2I     P5>@ 9. A>'2E *4" &3 # /,S.G`) *&M@ *%H /)2`y5I T85!3 

:E !R3 Z#H% C@2sH Z%R@ %%Rh.  

          4>S&@ $&`,>1% H2>XD H&@ 4J" /@ 9&5) C1. P;!E T!R3  E&7 *9&O7&_ H2eJ!@ .  H&^>]

 W&M). *4JX@V L&56!D =5_&^5_ C1H% 4<&@ %&<9 L4S &@ .2I%R5h.  

• X15 /P@ C  

      9. =5_  R5h9H% $%&E x<H83  T@/           4<&@ !R3 $H.2<% Z%R7 WRh # Z%R7 \^K H2eJE 9.

H&^]  *.2I WRh #)HAL ($%&b,1.S  T%22D&@  !D P<.     Z&>5E 9. # !R>3 'r>1 Z4>S WRh 

:E ZV C@2sH P,]H %%Rh . W#% /6"RE $4JJ7  5!;3 T/6"RE P<.C1..   -.4"CDR1 *.2I 

   4<&@ WRhm/s 610 4S&@ .  o&5,". C<&DH       9. *R5h26' CN' W9f *&I   W9f CY&b1V P,K21

C1. .  

   .2I H21R|!7 4<&@       H&^>]  -.4>" H&^>] &>@ C>@2sH # P>B#H R,65] /@ 8NMEkg/cm2 

6 Z&<R'  -.4"m3 /min 2/4 CDR1  -.4" m/s 9904S&@ .  

  

                                                 
 1- Hot Air lance 
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•  /P-C `m& B)'B 6^A"8=   

    /65E 9. $%&b,1. LH2u H% R@H&@  )    !R3 x!D  -.4"mm 25    ZV Z%2@ *%&+,-. #  ( 4<&@

   R7 85!3 9. p_           A+) TR5h9H% $%&E x<H83 9.  X- # !R3  E&7 Z%%%Rh .  /65E Rr-R@H&@  4><&@ 

25  /<RD 4uH%           4S&@ !R3 x!D  +) &X<R(3 # !R3 *RD 9. R3 .      &>@ :7R3 H% T$&0E *.R@

  *RDmm12   x!D *.H.% /7 mm 35 C1.       />65E \>< 4<&@ T R@H&>@      R>r- &>@ mm 15   %H2>E 

 H.R- $%&b,1.R5h%.  /65ER@H&@ Jb1. f2!0E C>1. -&r0).  @&- # :M .   />65E pJ>'   R>5B 4><&@

 -&r0). TFw&'           4>S&@ $%&b,>1. %H2E R5h9H% $%&E &@ H&h9&1 # R<G_.    L&+>?^E    R@H&>@ />65E 

 H% +H4JE L&+?^E &@ :,O<&@ASTM D 5249 4S&@ /,S.% C(@&rE.  ;S 3  A+>) H.8@. 

 /65ER@H&@  ;S # 4 /65E A+) R@H&@:E Z&^) :,1% LH2+@ .H  4I%.   

  

  

  

  

  

  

  
              >!F3- /P-C 6*85 `m&  B)'B                     >!F        4- /P-C `m& )=dB=  B)'B  

  
6-1-3-M5'C9   5=%C g0)d# 1 24'8 -34)5 X 3MHF rYn= )HAJB9 5=%C(  

            :E F#w T/6@#% :^S2_ /@ 8NME :)8?E H% R5h9H% $%&E T=?_ 9. =5_ %2S .  %.2>E

R5h9H%   &@ $4S {tu.         %5(,OER5B :^<&ERh %,O51 &@ *&N`<% Q123 4<) 3.% PB#H (  8>NME

  4)2S WRh TH&^] $&`,1% # Z8!I /@.   x><H83 *&>IH.8@. /@ 8NME 4<&@ &NI&`,1% P<. P5Jy!I 

R5h9H% %.2E H&^] &@PB#H # R5h9H% $%&E *&E% P5503 .J1&E% T4JS&@ .  
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 W&`JI H% R<9 %H.2E C<&DHE =<&ERh@H&7 &@ R5h9H% $%&/5u23 WRh %R:E  S2% :  

1-        *H&7 CD&1 # $l#R_ %M" /@ :`,O@ &N`<%          Z4><% LH.R>" 9. &>3 4)2S R_

4<V  !0@ *R5h26' R5h9H% $%&E 4" 9. =5@. 

2-                   />@ \><%8) &>< x<H83 CN' $4S /5u23 *&E% H% $%&E /,125_ # %}.% ab"

TZV 4" 9. =5@ Z%.% LH.R" Z#4@ . 

3- H% WRh %.2E 9. :X1&JE Z.85E *H.4I&`)1<% . 
  

    &3 R5h9H% $%&E Z%R7 WRh 9. p_      # x><H83 *.R>@ $4>S /5>u23 *&>E%  $%&>EV   *9&>1

&N7R3 9. *%.403T  R5h9H% $%&E x<H83 W&M). %%Rh.       9. 4>0@ &>(5-% 4><&@ $%&>E x><H83 L&56!D

 W&M). !R3 Z%R7 \^K # Z%R7 85!3 L&56!D%R5h .   

 H%x<H83$%&E R5h9H%  :E /5u23 R<9 %H.2E C<&DH %2S:  

1-  $9&) Q123 .H $%&E  Z#H% *H2r@ &N7R3 %2S /,?<H  R>_ f&@ /@ P5<&_ 9. $&)&7 &3

4)&!) :-&@ %.2E R<9 H% .2I # %2S.  

2-!R3 $&)&7 Z#H% $%&E A1&JE # :]&7 H.4(E =?_ .  

3-         T45J7 =?_ /,125_ :,7R" &@ .H $%&E             4&>K :[r>1 &>3 $&>)&7 Z4S R_ 9. #

 C50g# CN'     :`,]H23 :^<.HV *&I T4<2S P5!rE       $%&E 9. :X1&JE H.4(E &< # 

  C50g# CN' .H    PN_ H.2) T'r1 %I :^<.HV *&I-PN_ H.2) &< $4EVR@ -  H.2>) 

4<8<R@ !R3 Z#H% /@  :;!7 .  

4-                     9. :>!7 H.4>(E &>< # />,]H P5<&_ !R3 Z#H% H% $%&E /7 !R3 9. :<&N^?@ H% 

 T$4<%Rh =?_ :6X- H2XD H% $%&E 45J7 =?_ .H $%&E .%4ME .  

5-         -2,E H&7 /7 :34E $2s H% C1.T    Z8>?E ZH#% /@ .H x<H83 /Y2Y Z#H% %.2E 

45).%Rh9&@ F#w.  

6-               :,O><&@ *R>5h9H% L&>56!D H% $%&b,1. CN' R5h9H% %.2E %4ME =<&ERh 9. 

%2S *H.%%2K.  
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6-1-4->!F   6:5M5'C  -34)5   

              *R>5hH.R- C50>g# H% $4>S =?_ %.2E Z%.%  ;S T/6"RE P<. 9. -4I   F2>6rE 

C1..        ;S :,O<&@ TR5h9H% $%&E x<H83 9. p_        ;S &@ x@&rE R5h9H% $%&E :I%    %H2>E *4J@

  %R5h W&M). Re) . ;S           ;S :@&(^@ Lf&+3. 9. $%&b,1. &@ $%&E *4J@)  />6"RE \>< *. (  &>< #

2;1.<:M5 ;5,1f *&I :)/6"RE #% *. (:E W&M). %R5h.  

     :E .H $4JJ7R_ # 4JX@V %.2E    HV &@ Z.23    ;>S # &N^<.   *4>J@      &>N7R3 H% :)2h&>)2h *&>I

%2!) x<H83 .C50g# P<. T=?_ *&I %5O(3 /,1% H&N" /@  :E *4J@ 4)2S :  

1- 'rO!I Z%R7 R_1 

2-   %&M<. ;S :65r,OE $&)&72 

3- PN_ H.2)3  

4-  :X57R34  
 

• l[p?: $5 (  . 

    R5h9H% $%&E T*4J@R;5_ P<. H%)$4JJ7R_ (           $%.% H.R>- $4^>) $%.% UR>@ !R3 Z#H% H%

S:E /,S.%R@ ZV %.9&E # $4 %2S .) ;S1 Y. - C125_1( 

• TK. )=%&  

                 R>@ # $4^>) $%.% UR@ !R3 Z#H% H% R5h9H% $%&E x<H83  E&S =?_ C50g# P<.

 ZV *#HC1. .$4EVR@  ;S #% /@ /75 # :;!7 H.2)6:E  4S&@)+ # F  ;S 9. 1  C125_1.(  

          %2^) $%.%  ;S 4)&@ \< LH2+@ R5h9H% $%&E /7 :3H2u H%       LH2>u Z&>!I /@ # 

T4)&!@ :-&@ $4EVR@  $4EVR@ =?_ C50g# ZV /@ :E qts. %2S. 

                                                 
1- Flush-fill 
2- Reservoir 
3- overband 
4- Combination  
5- overband - Capped 
6- overband Band-Aid 
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                2;>1. \>< 9. $%&b,1. &@ !R3 *#H R@ $4)&E *&M@ R5h9H% $%&E /7 :3H2u H%< :y5

         qt>s. :>;!7 H.2>) =>?_ C50>g# ZV /@ %2S $%.%  ;S 4)&@ \< LH2u /@ 42+?E

:E %2S.  

 f2!0E :;!7 H.2) *RDmm  125-25?g #  ZV CE&mm  6-3 C1..  

/e"tE  @&- H.4(E *.H.% /7 :<&N7R3 H% :E /XY :@.RK 9. *. T4JS&@    =>?_ C50g#

%I Z%R7 R_ /@ CXO) *R,N@ %R;6!D PN_ H.2) %H.% 'r1. 

 
•  5'^0=S%3 )'K] q'&'(>!F 6P-[*pC '0   

                  />7 :)&E9 &3 # $4S x<H83 $4S $%.% UR@ !R3 Z#H% H% R5h9H% $%&E U#H P<. H%

_P5<& T%R5h H.R- ZV 'rO!I &< *9&1#H 'r1 9. R3 R_ :E  ;S %2S2C125_1 .( *RD $&)&7

 !R>>3 f2>>!0Emm 25-12# FV Q<.R>>S H% #   &>>3 %R>>1 :>>65K :<.2>>Imm 30/<R>>03  

:E %Rh%. 

 

•  6J-( #  

                $%.% UR@ !R3 \< *#H # Z#H% H% 4JX@V $%&E =?_  E&S :X57R3 =?_ C50g#

:E $4S 4S&@ .%  ;S *.R@ p|1T4)&@ \< LH2+@ 4JX@V $%&E Z%.    *#H R>@ /7  $&>)&7  !R>3

TC1. $4S 87R!,E  :E $%&b,1. :y5}2;1. \< 9.  %2>S .   TP>N_ H.2>) U#H 4>J)&!I  U#H H%

       :E 4J6@ \5].R3  5Y4@ /7 *%.2E 9. :X57R3       /+>?^E *H.% &>< 4)2S        :^>S2_  50>g *&>I

4J,OI%2S $%&b,1. 4<&X) T.  

 g# /@ =?_ *4J@R;5_ &2) F&?,).%&0@. T$%&b,1. %H2E $%&E T!R3 C50  $&>)&7   !R>3

   !R3 $&)&7 &2) #)   $4^) &< $4S $%.% UR@ (%H.% :`,O@ . ;S  P>N_ H.2) *&N<4J@-  # $4>EVR@ 

$&)&7- ;S /@ 9&5) :`,]H23  4)H.4) :I%.  

:y5}2;1.        ;S /@ 4<&@ &IU   &< V         87R!,E !R3 *#H &(5-% $%&E &3 4JS&@  %%R>h .  />@

S H2eJE ;  :I%&JE A1 T$%&E:E /5u23 R<9 %H.2E C<&DH S%2:  

1-4<R@ H&;@ $%&E x<H83 /65E C^_ H% /6u&]t@ .H :y5}2;1.  .  
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2-T!R3 $&)&7 *#H R@ x5-% H2r@ :;!7 H.2) :M5}2;1. &< -Rd   45I% H.R-  .  

3-%2S $%#%9 ZV 9. /]&g. $%&E /)2hRI T*9&1#H *#H R@ :y5}2;1. Z45^7 &@ .  
 

 q1H_6-HAB !-. 'K( # $5 ( . 1 2HAJB9 V'-P?< )5 kc. 2 

2 -34)5 V'-P?< U%&  

!R3 Z%R7 R_  !R3 *4JX@V  

'r1 %I  U2hH&N" $&)&7 %&M<.   *4J@R;5_

=?_  PN_ H.2)  :X57R3  

  

  

  

  

  

  

  

  

   
>!F5- 6z-{%!8= U>!F   

6-1-5- kF%. M5'C  -34)52)'( d-?# 1   

      >E&7 =<.R>5h Z&E9 &3 T4S =?_ R5h9H% $%&E /;5)&E9    \>5].R3 R>@.R@ H% 4><&@ TZV 

 *H2XD Ce]&[E R<9 %.2E 9. :;X1 =S2_ =?_ &@S%2:  
- \IV 1J1 H%2_  
- 8<H /1&E  

-  /S.R3 F2" 8<H *&I  

-  *GB&7 $&!,1%   
_ $.H 'r1 9. /]&g. %.2E 4<&@ T\5].R3 *#R@ $.H :<&^h9&@ 9. =5 *9&O7&_%Rh%.  
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6-2-B 2 -34)5  /$5 (  . S1)  

    5h9H% :J0< T!R3 Z%R7 R_           \^K # Z%R7 85!3  E&S /7 T&N)V UR@ Z#4@ &N7R3 *R

:E R5h9H% $%&E x<H83 # !R3 Z%R7 %2S .  

T&N7R3 Z%R7R_ L&56!D    .R>'. :<&N7R3 *#H R@  %2>ST    9. =5>@ *&>N5@.RK *.H.% />7 

  $9.4).  4J,OI :!) #      %2>!) *4JX@V .H &N)V Z.23 .       &>N7R3 Z%R>7R_ L&>56!D     $%&>1 H&5O>@    9. R>3

 *4JX@V L&56!D:E R<9  ".RE  E&S # $%2@ %2S :  

1- !R3 Z%R7 \^K # Z%R7 85!3  

2- $%&EV !R3 $4JJ7R_ $%&E x<H83 # *9&1 

3- R5h9H% $%&E =S2_) /1&E 9. $%&b,1. &@ f2!0E ( 

l-a%# :  2 -34)5 6*A8 S1)      $= 0= )5 M5'"*8= 5)%C )       1 |7'hN  -o 'B 'K( # $5 ( .

q%PZC( 4= 6!0F1) 2'K b%pZC I # $5 (  . 6C  355.  
  

• S1) 4'-& 5)%C V=d-K^# I # $5 (  .:  

1-  .2I H21R|!7 

2- WRh *.2I H&^]) 9&5) LH2u H%(  

3-  R5h9H% $%&E x<H83 $&`,1%)%H.% $%&b,1. %H2E $%&E &2) /@ :`,O@( 

  

6-2-1-24'p('. I # $5 ( j,N 1     

   %2!) *9&O7&_ .H &N)V 4<&@ T$4^) /<RD # x5!D &,XO) *&N7R3 Z%R7R_ Z&E9 H% .  />@

JE     \^K *.2I H&^] 9. TH&7 P<. W&M). H2e)  .2>I H2>1R|!7 (  :>E $%&b,>1.  %2>S .  L&>E#86E

     L&56!D 4J)&!I .2I H21R|!7*4JX@V   &N7R3 C1. .       WR>h R>5h9H% $%&E Rh.)      &>< )Y&>K R>5-

        -&>5Y. &>@ $4>S {t>u. *&IR5- (     :>E H.R>- $%&b,>1. %H2>E    9. $%&b,>1. T%R>5h   *.2>I H&^>]

WRh)HAL (  45bEC1. .   9. /;5)&E9   :E $%&b,1. %R1 Z25OY2E.    9. $%&b,>1. T%2S     *.2>I H&^>] 

WRh:E FV *#&" Z25OY2E. .R<9 %H.4) :3H#Rg  4S&@.  
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6-2-2- M5'C9  24'8 g0)d# 1 5=%C  

            WRh %R@H&7 &@ $4JJ7R_ %.2E 9. &N7R3 Z%R7 R_ U#H H%&<   %R1 :E    Z.23  $%&b,1. R>7%. 

         1<% \< 9. $%&b,1. W86,OE $4JJ7R_ WRh %.2E)kettle (    TR>5h9H% $%&>E Z%.% LH.R>" CN'

   C1. /,1% \< # T 5- .  *9&>1 $%&EV U#H 4J)&!I WRh %R@H&7 &@ $4JJ7R_ %.2E x<H83 U#H

     $4S {tu. R5h9H% %.2E x<H83 #) 4JX@V %.2E (:E  4S&@ .          &>@ $4>S {t>u. *&>IR5- 9. :KR@

 $%#4[E H% :<&I&E% H% 4<&@ T-&5Y."C 160-1384)2S $%R@ H&;@  .  

IR5-       4J,OI %R1 %R@H&7 &@ $4JJ7R_ %.2E TZ25OY2E. *& .     4JE9&5) &NJ3 R5h9H% %R1 %.2E

    5- \<4J,OI . UR5h R5-%H.% C@2sH # &E% /@ :`,O@ Z25OY2E. .  C>@2sH # P5<&_ *&E%

         !D CN' 9&5) %H2E Z&E9 =<.8]. A'2E T%&<9 &,XO)  :E *H#V %2S .     %&>!M). *&>E% &< Z.H&@

   &3 85)24     9. p_ CD&1      4)H.% ZV R@ :12;0E R5~63 TZ25OY2E. =?_ .   P><. P,>S.% Re) H% &@

   # Q<.RS  $&!,". ;S                 T%R>1 Z25O>Y2E. =>?_ *.R>@ Z&>E9 P<R>,N@ T'Xu H% %JXS *R5h

D&1*&N,:E 9#H Q1#  4S&@.  

   :E .H :)25OY2E. *&IR5-            8' H2r@ .H &N)V &< # $%R@ H&;@ Q5[E *&E% H% Z.23<  P5@ :

"C 65-50%.% LH.R" .  

- R5%R1 Z25OY2E.*f&@ *.2I *&E% H% 4<&@   "c10%R@ H&;@ %2S $   :z>0@ />" Rh. T

   :E :)25OY2E. %.2E 9. ).234   R<9 *&I&E% H%  4     =?_ %.R`5,)&1 /'H% %Rh  T%     Z.H&>@ R>rK &>E.

:E %.2E P<. =?_ 9. #)&E f2!0E %2S.  

=?_$4JJ7  T/,1% &@ %R@H&7 H2eJ!@ A6B. &I  Y2Y &< &N`J65S /@ 8NME/   &>< *H&^] *&I

:E :)9# 4JS&@ .@ / T&>N7R3 Z#H% /@ %R1 &< # $4S WRh Z25OY2E. P,?<H H2eJE   :>E   Z.2>3 9.

 :,1% *&N]Rd) ;S6(  H.4KR" &<   %2!) $%&b,1. .%5!+3 *R5h        U#H W.4>7 9. /;J<. R@ :JXE 

$%&EV *.R@  # *9&1x<H83 $%&b,1. Z25OY2E. %2ST %H.% L.85NM3 Z%2@ %2'2E /@ :`,O@.   
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6-2-3->!F   6:5 -34)5 M5'C kF%. 1  

          PN_ H.2) LH2u /@ 4<&@ R5h9H% $%&E &@ &N7R3 Z%R7 R_)         &>< # :>;!7 H.2>) &< $4EVR@

 4S&@ 'rO!I) ;S1-C125_ 1(.  

      :E $%&b,1. R5h9H% %R1 %.2E 9. /;5)&E9   ;S T%2S         .R><9 C>1. R>,N@ 'rO!I *4J@

 /@ UR5h $2s H% \5].R3 *R0E H% ZV *R5hH.R-:E  -.4" 41H.  

 -34)5 M5'C kF%.   

         !D Z&E9 &3 4<&@ T4S =?_ R5h9H% $%&E /;5)&E9 *H#V      Ce]&[E ZV 9. T E&7  2>S %

)      :)f2s :)25OY2E. *&IR5- %H2E H% Z&E9 P<.  C1. R3 .(      8>5!3 # \^K /1&E      $4>!D H2>r@

  =S2_ \< Z.2J0@  :>E $%&b,1. :)25OY2E. # )Y&K *&IR5- 9. *H&5O@ *.R@    />7 %2>S  4><&@

                 %.% =>S2_ ZV &>@ $4>JJ7 %5ER>3 $%&>E tE&>7 # %R>@ H&>;@ .H ZV 9. :79&>) /<f %2>S $.  &>E. 

 *&N)25OY2E. %R@H&7 &@ !D Z&E9 &3 4<&X) %R1  E&7 *H#VT%.% =S2_ 4)2S $.  

:E /5u23 R<9 %H.2E C<&DH S%2:    

- =5_ 9. :<&^h9&@ $.H *#R@ T\5].R3 4<&@  />1&E  *&>I  /]&>g. 9.  'r>1 $.H  >7&_ *9&O

%%Rh.   

-          &@ Z4S $45S2_ 9. =5_ R5h9H% %R1 %.2E=7#H   :,Y&b>1V *&I     Z&>E9 W86,O>E T

 !D  /Y&O;< *H#V,OI4J.  

-  TZ25OY2E.  E&7 UR5h Z&E9 &3 \5].R3 H2XD 9.R@  ZV *#H%2S *R5h26'.  

-       Z4S $45S2_ 9. =5_ R5h9H% WRh %.2E   =7#H &@    :,Y&b>1V *&I     Z&>E9 W86,O>E T

 !D     &3 /1 *H#V :E /I&EH&N" 4JS&@ .        L&>0r- *#HR@ 4<&X) .H R5h9H% WRh %.2E

:E $4J7 *&' 9. .R<9 %2!) =?_ T%R1 o26?E &@ $4S R_ 4)2S.  

-    @ F#H&' 9. $%&b,1.   /   R@ /1&E =?_ H2eJE     :!) 9&ME TR5h9H% %.2E *#H   4>S&@

 .R<92D&@R@  ?6?3 # vR" %H R~. P,S.Gh *&M@  :E R5h9H% %.2E *#H %Rh%.  
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F >!6-$%-p7%C=  -o T*c0) 2':)=dB=  
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 Q8%-.1->!F  2HAB  -34)5 M5'C kc. 2': 

  

  

  

  

  

  
 >!F1->!F  $5 (  . S1) /B 'K( # 2 -34)5 )5 M5'"*8= 5)%C 2HAB  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 >!F2- >!F $5 ( 2HAJB9 S1) /B 'K( # 2 -34)5 )5 M5'"*8= 5)%C 2HAB  

 
 

b- $dcC -6+*D)%#   

 )resevoier& recessed(  

x- $dcC - TK. )=%&   

 )resevoier& overband(  

v7=- $dcC - l[p?:   

 )resevoier& flush(  

1-l[p?: 1 g-?< $dcC   

) MH&)=HK+& /P-C 'B( 

resevoier& (  

flush with backer rod)  
     

5 -g?< R( $dcC - TK. )=%&   
 (shallow resevoier& 

overband)  

x-M5'8 TK. )=%&  

 )simple overband(  

v7=- l[p?: $5 (  . )fill (  b-  MHC9 B(capped) 
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 Q8%-.2-j]  Qp-7 ': 

  

/-71= V't@YC  

M}
1 

. 6
8)

 B 
1 
)1
 C

  

• 5%F 68) B 'K( # $5 ( . '0 2HAJB9 V'-P?< $5%B `8'AC.  

• I # QE81 1 VHF 1 U%& ~ Q8= )HG] 5%_%C 635)%N 

• 6C 2H@ /] '# j-D= # R^@ ~ HF'B 

• 5%F T--E# 'K-B= N  0'8 QE81 1 VHF $=d-C. 

• 6C 2 *KB >@ M=)  6?-C # /0s 5 B)'( '09 ~ HF'B 

• /BH0)19 >?EB M}1 . 4= 2)1 C WV=5'KA,-. 1 'K@ u 6^A8 Q-?( )%tAC .  

I
)=H

C 1
 5'

A8
=  

B 2
)1
 C

  

•  Q-7'ED /B �%B C V'<Yu= ) 60'^B'_ 1 Q( @ ('K( #. 

• 5 B)'( V'mc,C. 

• = _= 2'?A:=). 

• 6A-B k-. M 01 V'()=H# 1 ':. 

• j-D= # q *A( r u.  

5=%
C 6

8)
 B 

1 
q 

*A(
  

• 'K( # $=d-C 4= 2)'C9 '09~ Q8= MHC9 >?EB  

•                 WR-C h# QhZ# 2'hK( # q%hu 1 5=HhE# QK_  -34)5 5=%C 4'-& 5)%C $=d-C '09

~ Q8= MHF /J8'ZC 

•  ~ Q8= MHF H-7%# 2 J*EC MHAA( H-7%# O8%# -34)5 5=%C '09)X1d7 V)%n )5( 

• 5%F |c,C WV)= @ 6A?0= 2'C5 1 5 B)'( 2'C5. 

•            Q8= 4'-& 5)%C 60'^B'_ 1 >?@ M 01 V'C1dPC U%& /] :     $'hC4 WV)= h@ ! &

~ 5 8 5 B)'( Ws'B 2'C5 )5 4'^C 24'8 M -Ni 

•                  WM5'"*h8= 5)%hC  h-34)5 5=%hC 4= WV'mhc,C 68) B 1 k0'C49 )%tAC /B '09

/&%?& ~ Q8= MHF 2)=5 B 

•        6C  T( j,N kF%. /B 24'-& '09        h0 1 j,hN 1 d-?# /8'C '09 ~ HF'B  )5%h. '

~ Q8= 5%_%C "A8  



 G@)/ .B4H9/I .0"1(C/ ?JD0KL< .0(                                                               25       

 

  

 4= k-. 2'K-8) B 1 V't@YC2 -34)5  

M5
'C9

 
24

'8
1)

 l
[8

 2
4'
8

  

  

• ~ HA*p: S B HAC4'-& 'K( # '09 

• ~ 5=5 S B =) /0%&'y 2'K( # H0'B '09 

• MHF 24'p('. 'K( # '09 ~ H&= 

• MHF 24'p('. 24'81) l[8 4= MH&'?-o'B b ] 5=%C '09 ~ H&= 

•  24'p('. W24'81) l[8 '09 ~ Q8= MHF j,N 1  

60
=%
: 1

 b
9 O

0= 
F

  

  

• MHF 68) B M}1 . /[G& T0 #5 8 )5 l[8 2'C5 1 =%: 2'C5 '09 ~ H&= 

•   O-ZC 2'C5 >o=H@76C 6C 3 /B 1) 1 M5%B 5= +-*&'8 /_)5  HF'B. 

• 5%F X'^&= V'-P?< H0'J& W$=)'B S)'B 41 B q'?*@= V)%n )5. 

• < H0'J& W$=HAJc0 2'C5 41 B q'?*@= V)%n )55%F X'^&= V'-P?.  

j
-D=
 # 

q 
*A(

  

  

• <6C j-D= # q *A( r u 'B `8'A*C WM5'"*8= 5)%C 2':)=dB= 1 R{Y HAF'B. 

• T-09 'B 2)'( M51HZC /C'& 5)=5 QGB'[C j-D= # q *A( 2':. 

• 6?& vo%*C 25'04 VHC =) j-D= # W$=)=H?] . H&4'8. 

•           ( 8 '0  #'& /B `#= C WI'& [N O0= F U%&  : 41 B V)%n)5   S)=dh3  3)'

6C 5%F. 

•              $h?_ Rh{Y< T0= WHF'J& j-D= # q *A( R{Y< /B 4'-&  +05 /!-#)%n )5   2)19

6C H&%F .  
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V=d-K^# 68) B 1 V't@YC  

 
 

S
 B 

M'+
*8
5

  

 
 

  

• 5%F M5'"*8= S B M'+*85 4= H0'B '09 ~ 

• 6C )'( >C'( )%[B M'+*85 '09 HA( ~ 

•  /*C '09        '# HA*p: d-# 6D'( M4=H&'B S B 2':  /*8%. 4=      >?EB 2 -3%P_ 63HF

H09 ~ 

• /*C M4=H&= '09 6C g-o5 WS B 2': HF'B ~ 

• 6?& MH:',C MHF M5=5 S B 2'K( # )5 63HF /*8%. /&%+z-: 5%F. 

•   : )5 I # q'&'( 5'EB=306C )= o 68) B QZ# )'J!0 /G-o5  H& -3. 

• 6C'?# '09 6C 6*,& /&%3 : 4= 2)'< V=d-K^#  ~HAF'B) WQN%8W Tw1)..(.  

MH
F 
%

0 E
# 2

'K
( 
# 1

 /
01)

 2
4'
p(

'.

 
 

  

• 6C M5'"*8= 6A?0= 2'K8'J7 4= W24'p('. V=d-K^# 2':)%#= .= HAA(. 

•               24'h81) l[h8 4= 2%o MHA!C M'+*85 '0 )%8 e?( j0 O8%# /7'c& 5=%C

6C M5154 5%F . 

•  >o=H@ =%: )',D )%8 e?( O8%# 2H-7%# )',Dkpa 700Q8= . 

•  M'+*85 2=%: 1 Tw1) 2': *P-D6C )'( 6*8)5 /B  W)%8 e?( HAA(. 

•             04 $9 2'C5 Wf=5 2=%: /P-C 4= M5'"*8= $'C4 )5"c  00      /hP-C I%& 1 M5%B 

 /Pn'D )5  '0 105)=5 )= o I # 2 *?-*&'8  . 

•   : I # 2d-?#30 )=%& 4= M5'"*8= 'B )'J!0 /G-o5 duct6C 68) B  5%F .  

•  05 '0 /-F'@ )5 6*B%u) /&%+z-: 1 M5%B d-?# I #M)=%  1 >Jo /] WI # 2':

5)=H& 5%_1 W$5 ( j,N 1 24'p('. 4= HEB /].  

  

  

  

  

  



 G@)/ .B4H9/I .0"1(C/ ?JD0KL< .0(                                                               27       

 

  

V=d-K^# 68) B 1 V't@YC  

 -3
4)
5 M

5'
C 2

4'
8 
M5
'C9

 1
 g

0)d
# M
'+
*8
5

  

• 6C )'( 6*8)HB g0)d# M'+*85 '09 ~HA( 

• B 1 M5%B d-?# )%8 e?( Tw1) 1 b9 2': *P-D '09/ 6C )'( 6*8)5 ~HAA( 

•    =)=5 g0)d# M'+*85 '09       6C  -34)5 X 3 5=%C QK_ 'C5 q *A( 2       q h*A( M'+*h85 '09 ~HF'B

 ~Q8= MHF M J-7'( W'K^A8'C5 '09 1 M5 ( )'( 6*8)HB 'C5 MHAA( 

• M'+&9 WHF'B MH,&  J-7'( &A8'C5  3=: 

• 1-  : )5  -34)5 M5'C 2'C5 30M4=H&= 6*85 &A8'C5 j0 'B )'J!0 /G-o5   5%F 2 -3 .  

• 2-1i M'+*85 &A8'C5 /[G& Q8= $'p!0 6*85 &A8'C5 Q{= o /[G& 'B b. 

•                    6hN & 'hB WI h# $1)5 )5 5=%C kc. QK_ =) `8'AC 1 6D'( )',D Wg0)d# M'+*85 '09

6C 5'^0= W`8'AC ~H0'?& 

•    M5'C U%& '-: 1 M5%B 67'N b1i M'+*85 W2)'(41) U1 F 4= k-.  M5=5 V)= @ (=5H^C 2=

6?& 5%F . 

•  b1i M'+*85 kF%. $1)5 6#)= @ Tw1)Q8= `8'AC $9 $=d-C 1 MH,&  -cJ# W. 

•  kc. )=dB= 4= '09pour pot )$%-p7%C= kc. ) # (6C M5'"*8= ~5%F 

•      6C M5'"*8= *%mcC 2'K+05 4= '09  6*@ 'K+05 T0= '09 ~5%F       h. /h?-& /,h-?: $'h!Cs=

6C ~HAF'B 

• 6C S5 3 $9 $1)5 )5 Tw1) WM'+*85 )'( vo%# $'C4 q%u )5 '09 ~HA( 

•   %m@ )%tAC /B                 4= h# 24'h81) l[h8 'hB WI # MHAA( . '0 HAJB9 M5'C /!A0= 4= $'A-?u= q

6C 6C M5'"*8= 6F1) /] 4= WHF'B ~5%F 

•          ~HA*p: 6*,& /&%3 : 4= 2)'< V=d-K^# 6C'?# '09)        Thw1) Wqdh05 Wj-71)Hh-: Thw1)

 W)%#%C(...     

 B)
'B 
/P
-C 
5 
B)'

(
  

•   6C M5'"*8= B)'B /P-C 4= '09 )HB /P-C T0= '09 ~5%F WkN ] '0 )',D  y= )5 1 MHF `m& 6*8

~Q8= MH0H& `-89 

• ~Q8= /*D 3 2'_  t& 5)%C g?< )5 W B)'B /P-C '09 

• ~Q8= /*D) 1 D I # q'&'( )5 6*8)HB  B)'B /P-C '09  
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M}1 . 68) B 1 /t@YC  

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
$9

 6
:5

 >
!F

 1
   

-34
)5

 M5
'C 

5 
B)'

(
  

• C                M5'hC MH&4'h8 Oh8%# 5 B)'( MHF /-n%# 2'C5 M51HZC 'B gB'[C  -34)5 X 3 M5'
)T-0'. )5 'Z-_ # H@ T0 #(6C kc. W  5%F. 

• Q8= 5%_%C M'3)'( )5 W5 B)'( QK_ M5'C 6A?0= 2': M5=5 1 V'<Yu=. 

•           'hK74'& $1)5 )5  h-34)5 M5'hC 2'hC5 WdC o $15'C '0 67%?EC &A8'C5 4= M5'"*8= 'B
?& 68) BH-0' . 

•         S B V'-P?< 4= +. /Pn'DYB  -34)5 M5'C g0)d# '09  / 24'ph('.  /    W$5 h( j,hN
6C X'^&= ~5 -3 

•  T-0'. 4= I # q'&'( '09)v( (~ Q8= MH,&  . M4=H&= 4= k-B 1 MHF  . s'B /B 

• 5)=H& 5%_1 QB%u) 4= 6F'& b'J@ /&%+z-: W -34)5 M5'C 5 B)'( 4= +.. 

•     8H!0 YC'(  -34)5 M5'C '09            V)= h@ WMHhF /-n%# V'ED5 5=HE# 4= k-B 1 M5%B Q
~ Q8= MH0H& 

•   : 4= 2)'< 1 d-?# YC'( '09 ~ Q8= MH,& M5%8 D 1 M5%B R7'8 YC'( 6^-0%!8= '09
6C  P-D '0 H0=4 5=%C U%&  ~ HF'B 

• >!F Q8= TK. )=%& V)%n /B 'Z-_ # I # 21)  B  -34)5 M5'C 2HAB. 

•      B 6D'( M4=H&= /B  -34)5 M5'C          )=%& 5'^0= 2= B I # ) u 15 )5 kc. 2= 5    'h# 10 
  *?-P-C)X1d7 V)%n )5 (6C 5%_%C HF'B. 

• 6C >!F W$9 4= +. '0 1  -34)5 M5'C 5 B)'( q%u )5 TK. )=%&    HB'0 . 

• 6C 2)19 $?_ W55 3 HGEAC 1 Qc8 /!&9 4= k-.  -34)5 M5'C /D'a= )=HGC 5%F. 

•  >!F '09        C 21)  B 6PC'( 1 Q8H!0 6:5       l[h8 'hB YC'h( 1 MHF X'^&=  -34)5 M5'
6C 4= # 24'81) ~HF'B 

•  60':'_ )5 /( 6?( T-0'.   4=  # l[8 24'81) WQ8=         khc. =)  h-34)5 M5'hC =5H^C
H-0'?&. 

•  vo%*C 'E0 8 kc. V'-P?< W6P!,C U%&  : 41 B V)%n )5 55 3. 

• 6&'C4 /( M -^&4 V=d-K^# kc. vo%*C 6C  WHF'B M5'C  )5  -34)5 $1)5 7 /h7%   S5 h3
6C HA( .  

 1
  
-34

)5
 M5

'C 
k

F%
.

2)
'(
d-?

#
  

  •                 khF%. b%] /F= # '0 1 2,w'( q'?*85 '0 /8'C Wj:9 "A8 )5%. 'B  -34)5 M5'C
Q8= MHF M5=5. 

•                $9 21)  hB /h-PG& >0'81  0'# )%J< 5) 1 5%F j,N YC'(  -34)5 M5'C /!-&'C4 '# 
Qp-& 4'^C j-D= # )%J< WH&'?& 2'^B. 

• /8'C  2':Q8= MHF 24'p('. M=) l[8 4= R(= *C  -w 1 H0=4. 

• 6.%# 1 ': -F 6C'?# Q8= MHF 24'p('. ':.  



 G@)/ .B4H9/I .0"1(C/ ?JD0KL< .0(                                                               29       

 

  

 Q8%-.3- I #  6a < 635)%N) transverse crack(  

 =J3 /;5)&E9    =)R7 # &I          C>E#&(E 9. R,^>5@ T\>5].R3 &>< &>E% Q>123 $4>S %&M<. *&I

  H&"% :,Y&b1V *9&1#H T%2S :,Y&b1V o26?E :`,OK &< :^^7!R3   :>E :h%H2>K  %%R>h .

             :>E UR,O>h $.H H2[E /@ %2!D # *9&1#H *RD H% :gRD *&N7R3   4>J@&< .    />;J<.  5Y4>@

*&N7R3        :>E $45E&) 85) :3H.R" *&N7R3 T4J,OI :<&E% L.R55�3 9. :S&) R,^5@ :gRD   4)2>S .

       T/(rJE *.2I # FV &@ A1&J,E R5- F&?,).      &>E% 9. :S&) :gRD *&N7R3 9#R@ =I&7 A'2E 

:E %%Rh. 

H% f2!0E :gRD *&N7R3   :>E 4><4_ $2!0E # P53#H :6u.2]  4>J<V .   :>gRD *&>N7R3

/6u&] H% f2!0E 9&BVH% Z&5E *.m  20-154)H.% H.R- R`<4;< 9.  .  
  

• I # VHF  6a < 2':  

−    R( VHF:      9. R,!7 *RD &@ $4^)R_ !R3mm 6    %5ER>3 &>< $4>SR_ !R3 &< # 

:E %2'2E :gRD &2) RI &@ $4S 4S&@ . 

− FO8%*C VH:    *R>D &>@ $4^)R_ !R3mm  19-6     # :<2>E *&>N7R3 &>@ />7 

&@ $4SR_ !R3 &< # $4S /s&". :]%&+3       *&>N7R3 Q>123 />7 *R>D &2>) RI

C1. $4S /s&". :]%&+3 # \"27 . 

−    5'04 VHF: T$4^)R_ &< $4SR_ !R3 &2) RI     L4>S &>@ :]%&+>3 *&N7R3 &@ /7 

         >@ $4^)R_ :7R3 &< T$4S /s&". %&<9 &< Q12,E     9. R,^>5@ *R>D &mm 19  &>< T

             &< :`,?5Oh H&"% T!R3 &@ H#&ME *9&1#H /;5}&' H% *RD &2)RI &@ :7R3

PS 4S&@ $4S :h%9. 

  
•  I #  67%u 635)%N) crack  longitudinal(  

!R3      :>E 4><4_ *9&>1#H H2[E L.9.2E /@ /7 4J,OI :<&N7R3 :Y2s :h%H2K  4>J<V .

   *H.G>>hH&@ 9. :>>S&) &>>< :Y2>>s *&>>N7R3)Load induced (   R>>5B 9. :>>S&) &>>< # $%2>>@

*H.GhH&@)Non- Load induced (:E 4JS&@ .      R5O>EH% T*H.G>hH&@ 9. :>S&) :Y2>s *&>N7R3
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      :E 4<4_ *9&1#H *H.GhH&@ 'r1 &< vR"   4>J<V .           *H.G>hH&@ R>5B 9. :>S&) :Y2>s *&>N7R3

                       H% &>< 8>7RE H% :>67 H2>r@ &>E. T4>J<V 4<4_ *9&1#H R1&3R1 9. :<&' RI H% C1. P;!E

"   :E %&M<. *9&1#H /5S&  4)2S .            :D2>) /7 &' RI H% f2!0E *H.GhH&@ R5B 9. :S&) *&N7R3

:E 4<4_ T4S&@ :Y2s :<.R'. 9H% 9.  4J<V. 
  

• I # VHF  67%u 635)%N   

−    R( VHF:      9. R,!7 *RD &@ $4^)R_ !R3mm 6    %5ER>3 &>< $4>SR_ !R3 &< # 

:E %2'2E :gRD &2) RI &@ $4S 4S&@ . 

−  O8%*C VHF:   !R3       *R>D &>@ $4^>)R_mm 19-6          # :<2>E *&>N7R3 &>@ />7 

&@ $4SR_ !R3 &< # $4S /s&". :]%&+3       *&>N7R3 Q>123 />7 *R>D &2>) RI

C1. $4S /s&". :]%&+3 # \"27 . 

−    5'04 VHF: T$4^)R_ &< $4SR_ !R3 &2) RI     L4>S &>@ :]%&+>3 *&N7R3 &@ /7 

              9. R,^>5@ *R>D &>@ $4^)R_ :7R3 &< T$4S /s&". %&<9 &< Q12,Emm 19  &>< T

             &< :`,?5Oh H&"% T!R3 &@ H#&ME *9&1#H /;5}&' H% *RD &2)RI &@ :7R3

PS 4S&@ $4S :h%9. 

 
  

  

  

  

  

  

  
  

 >!F1-6a < 1 67%u 2'K( #   

  

67%u I #  6a < I #  
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 >!F2-I #  6a < 635)%N  

  

•  I #  6(%PB 635)%NBlock Cracking)(  

!R3   !R3 :D2) :726@ *&I   #H />7 T4J,O>I %I /@  +,E *&I    L&>0r- />@ .H *9&>1

 :E %5O(3  ;S :65r,OE #@RE &X<R(3  4>JJ7 .     7&>X<R(3 L&>0r- P><. %&>0@.m 3/0  &>3 m 3 8 3 

C1. .!R3                     />'H% />).9#H />KR" # :,Y&b>1V P,>@ *&>X(). R>~. H% 7&34!D :726@ :h%H2K

  LH.R")    =J3 /).9#H /KR" 2D&@ /7 /   :E :XO)  ;S R55�3  %2S (    :>E %2>'# /@   4><V .  P><.

!R3 :h%H2K:!) :S&) H&@ 9.  %2S . 

!R3             /e"tE  @&- Z.85E /@ R5- /7 C1. ZV R`)&^) 7f2!0E :726@ :h%H2K    Cb1 *.

 C1. $4S .      !R>3 &@ :@.RK &2) P<. L#&b3              />7 C>1. ZV H% *H&!>121 C>12_ :h%H2>K

/;3 *H&!121 C12_ *&N7R3 /XY &@ :N'# 4J" \"27 *&I :E  5;^3 .H 853 *&I 4JI% .  
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• I # VHF 35)%N 6(%PB 6  

− R( VHF: R_ !R3 9. R,!7 :gRD &@ $4^)mm 6    %5ER>3 &>< $4>S R_ !R3 &< T 

:E %2'2E  T*RD &2) RI &@ $4S  4S&@. 

−  O8%*C VHF:    *RD &@ $4^)R_ !R3mm 19- 6T       R>I &>@ $4^>) R>_ :7R3 &< 

   &3 :gRDmm 19   !R3 Q123 /7              $4>S />s&". :]%&+>3 # :<2>E :h%H2>K

C1. ."% :r12,E 4" &3 &N7R3/,12_ H& :E :h4S 4JS&@ . 

−  5'04 VHF:  T!R3 RI      T$4^) R_ &< $4S R_     !R3 &@ /7      Q12,E :]%&+3 :h%H2K

     T$4S /s&". 4<4S &<       9. =5@ :gRD &@ $4^)R_ !R3 &<mm 19    &>@ :>7R3 &>< T

            P>S &< CO;S H&"% T!R3 H#&ME *9&1#H /;5}&' H% *RD &2) RI    :>h%9

 4S&@ $4S .     W2>60E # 'g.# tE&7 &N726@    /,>12_ H&>"% &>N7R3 # $%2>@    :h4>S

:E 4<4S 4JS&@ . 
  

 
 >!F3-6(%PB 2'K( #   

  

•  2)'?8%8 Q8%. 2'K( # )Alligator cracking(  

!R3    !R3 &< *H&!121 C12_ :h%H2K       \>< 9. C>1. LH&>XD :`,O>K :h%H2>K

 !R3 *R1                :,Y&b>1V P,>@ /><#H :`,OK 9. :S&) :`,?5Oh R~. H% /7  +,E %I /@ *&I  &><
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  ;S R55�3    /<f 4" 9. =5@     *9&1#H *&I :;5].R3 *H.GhH&@ H.R;3 C[3    %7.R>3 W4>D &>< #

 /<f :]&7        Tm&1. R<9 # m&1. *&I:E %2'# /@ 4<V .!R3 P<. :h%H2K   R><9 9. /7 :E&`JI &I

    :,Y&b1V P,@ /<#H)   $4S C5X03 m&1. &< ( :E 9&BV    =J3 /7 %2S       *&N6;S R55�3 # :^^7 *&I

       /@ vR" H&@ C[3 :^^7 :XO)           CY&b>1V :^>^7 CE#&(E 9. R,^5@ /7 %2K H.4(E P<R3f&@

 :E TC1.  4J1H . !R3 P<.   !R3 *R1 \< LH2u /@ .4,@. &I   H% R`<4>;< &@ *9.2E :Y2s *&I

   :E R^,JE /<#H 'r1  4)2S .     !R3 :;5].R3 *H.GhH&@ H.R;3 &@ $&`)V       $4S  +,E R`<4;< /@ &I

 /;3 # /S2h &@ :06g 4J" *&I :E %2'# /@ 853 *&I      H&!>121 C>12_ *2>`Y. />@ /7 4)H#V

%H.% CI&XS ./;3 P<. %&0@.  9. 7f2!0E &I60CO5) R,^5@ R,!5,)&1 .  

!R3           :>E &2>-2@ :".2) H% &NJ3 *H&!121 C12_ :h%H2K     *R>0E H% />7 %4>)25_

        vR" H2XD R5OE 4J)&!I T4)H.% H.R- :;5].R3 *H.GhH&@ H.R;3  &I .     :)&E9 &NJ3 :@.RK /M5,) H%

  /(rJE \<  7              H.R- :;5].R3 *H.GhH&@ C[3 o2@RE 'r1 :E&!3 /7 C]Rh 4I.2K R@ H% .H 

%R5`@ .  

  
 >!F4-I #  2)'?8%8 Q8%. 635)%N  

• I # VHF  2)'?8%8 Q8%. 635)%N  

−  R( VHF:             *%#4>0E %.4>03 &@ $.R!I R`<4;< L.9.2E /@ 8<H :Y2s *&N7R3

&N)V Z#4@ &< #  +,E *&N7R3 . 
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−  O8%*C VHF:   &N7R3 R,^5@ UR,Oh        ;>S /@ \"27 *H&!121 C12_ *

/;XS                8>5) :h4>S%RK :74). *.H.% C1. P;!E &N7R3 P<. /7 T&N7R3 9. *.

4JS&@ . 

−  5'04 VHF:           '>g.# 7tE&7 /)&h.4' L&0r- :J0< $%R7 C]R^5_ &N7R3  ;S

%RK H&"% &N7R3 /5S&" # $%2@ )?^E # :E :h4S 4S&@ . 

 
• 68'!E&= 2'K( #  )crack Reflection(  

 @.RK P<.   $.% *#H R@ /7 :,Y&b1V /<#H &@ *&N<9&1#H H% R,^5@ :     :)&!5>1 P,>@ *&>I

   :E &2-2@ T4)H.% H.R-  %4)25_ . !R3 P<.             C@2sH &< &E% R55�3 9. :S&) :<&M@&' R~. H% &34!D &I

       :E %2'2@ :,Y&b1V /<#H R<9 H% :J,@ $.%  4<V .          P><. &>@ TCO5) *H.GhH&@ 9. :S&) :@.RK P<.

  5].R3 *H.GhH&@ %2'#                H% :,Y&b>1V P,>@ /><#H H% :`,?5O>h %&>M<. 2D&@ C1. P;!E :;

  %%Rh !R3 :;<%8) . !R3 q2] %H.2E R@ $#tD   R>@ /7 :,Y&b1V =7#H 'r1 H% :1&;0). *&I

 *9&1#H *#H      !R3 &@ :!<4- :,Y&b1V *&I        :>E /,K&>1 $4^) CERE *&I        %&>M<. 8>5) T4)2>S

:E 4)2S.  

  

  
 >!F5-68'!E&= I #   

  


