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    (8.10) 

 

 s    (ultimate limit state)   

  8.10     

    8.9 

 

 8.9  ACI 318-99  (strain) 

 (Ultimate state)  

 8.10 (Stress) (Strain)   

 (Ultimate state) 
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8.9.4  

 ACI 318-99  FRP 

  (Transformed section) 

 FRP 

 (yielding)  

 80      

 

, 0.80s sf yf       (8.11) 

8.9.5  

 FRP  

 FRP   FRP 

  

       

   Aramid  fiber  Carbon  fiber   

 0.3  0.47    0.91    Aramid  fiber  

Carbon  fiber     

 FRP  FRP  

 (8.12) 

 

,Sustained plus cyclic stress limit f sf    (8.12) 

 FRP  

 (  ) 

   

    8.2      Factor  of  Safety   1/0.060     

 

 8.2 (Stress)  
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 8   

8.9.6  

 8.9.6.1  

 8.10   

   (ultimate limit state)  

   

 (Trial and error method) 

 c 

    

    

 

 FRP  

 

fe cu bi m f
h c

c u      (8.13) 

  

  

 FRP  

 FRP  8.14 

 

 

        fe ff E fe       (8.14) 

 FRP   

 8.15  

 

s fe bi
d c
h c

     (8.15) 

  – 

  

 

s s s yf E f        (8.16) 

 FRP  

 8.17  
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1

s s f f

c

A f A f
c e

f b
      (8.17) 

   1   8.17 

  

   ( )  1   Whitney 

stress block  (  = 0.85  1   ACI 318-99)  FRP  Whitney stress 

block  

  c   8.13  8.14  8.15  8.16  

8.17    FRP  8.18  

 f   0.85  FRP 

1

2
1

2n s s f f fe
cM A f d A f h c

    (8.18) 

 8.9.6.2  

  cracked 

elastic analysis   8.19 

,
3

3 3

s bi f f s

s s

s s f f

kdM A E h d kd E
f

kd kdA E d d kd A E h h kd
  (8.19) 

 (Strain)  (Stress) 

  8.11 

 
 8.11 (Strain) (Stress)  

 8.9.6.3  FRP  

 FRP  8.20  ,s sf   8.19 

 sM   8.19  (

)   

8-12 

, ,
f

f s s s bi
s

E h kd
ff f

E d kd
E     (8.20) 
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 8   

 FRP  8.20  
 

 8-12 sM  (Stress)  FRP 

 

8.10  

8.10.1  

  FRP  

   FRP  

8.10.2  FRP 

 FRP   8-13 

 FRP  4   

   FRP

   FRP   2 

 

 FRP  

 

 8-13  FRP  
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8.10.3  

 FRP 

 ACI 318-99      ACI 318-99 

                           nV Vu       (8.21) 

 FRP 

 FRP  (Vf)  (8.22) 

                     n c s fV V V Vf      (8.22) 

 f    f   

0.85  f   0.95 

 

 8.3  FRP  

8.10.4  FRP 

 8-14   FRP  

 FRP    

 FRP (Vf)  FRP 

 FRP  

sin +cosfv fe f
f

f

A f d
V

S
     (8-23) 

2fv f fA nt w        (8-24) 

 FRP 

 FRP  

fe fef fE         (8-25) 

8-14  FRP 
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 8   

8.10.4.1  FRP  

 FRP  

    FRP   

    

FRP   

8.10.4.1.1  FRP  

 FRP   

 0.4 %  

0.004 0.75fe fu       (8.26(a)) 

8.10.4.1.2  FRP  

 FRP  FRP  

 

 v   

0.004fe v fu       (8.26(b)) 

 v    FRP 

 FRP   v    10.7 – 10.10 

1 2 0.75
11,900

e
v

fu

k k L
      (8.27) 

   

   8.28 
eL

eL

0.58
23,300

e

f f

L
nt E

     (8.28) 

      

 FRP          8.29  8.30 
1k 2k

1k 2k
2 /3

1 27
cfk       (8.29) 

2

    for U-wraps

2
  for two sides bonded

f e

f

f e

f

d L
d

k
d L

d

  (8.30) 
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  8-15 

 FRP  

 

v

v

 

 

 

 

 

 

 

 

 

 

 

 

 8-15  FRP  

8.10.4.2  FRP  

 FRP  ACI 318-99

   

8.10.4.3  

 FRP  FRP 

 ACI 318-99  

            dbfVV wcfs 66.0         SI Unit   (8-31) 
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 8   

8.11  

     

 

-   Fiber sheet   (inside corner) 

-   Fiber sheet   (outside corner)  

 Fiber sheet     13 mm. 

-   FRP 

8.11.1  

 FRP  

  FRP   

 FRP     8-16    8-16  

    FRP    FRP  

    

  FRP 

 8-16  FRP  

 

 8.11.1.1  FRP 

  FRP   FRP 

     

  FRP  
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   FRP     

      0.5  

  (Brittle failure) 

8.11.1.2  

  

 FRP  

   

  8-17 

 8-17   

 FRP   

  FRP  

-    FRP  d 

    Mcr   

    

 FRP  2/3  (Vu > 0.67 Vc)  

FRP 

 

-  FRP  d/2   150 mm 

(  M = 0)  FRP  

 FRP   150 

mm  150 mm 

 8-18 
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 8   

 
 8-18  FRP   3  

 

8.11.2  FRP 

  FRP    

FRP   

 FRP  FRP  

 FRP  FRP 

    FRP 

    

 FRP  

  FRP 

 

 

8.12  

 

 FRP  

-  FRP  

-  FRP  

-  FRP 
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-  FRP  

-  

-  FRP  

-  FRP  

-     

-   

 

-  FRP  

- ( ) 

-    

-  

-  FRP ( ) 
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Anchored  

Bearing Assembly  

Brittle failure  

Concrete Overlayer  

Confinement  

Continous External Column Confinement  

Corbel  

Creep  

Dowel  

Dry Packing  

Embankment  

External Post Tension  

Fatigue  

Fiber Sheet   

Grout    

Impact Load  

Misalignment  

Multiple Plie  

Primer  

Pull-off adhesion test  

Putty  

Retaining Wall  

Short Compression Column (Pedestal)  

Shotcrete Encasement  

Slab Jacking  



   

   

Slap on Grade 

  

Slide Bearing 

 

Steel Wedge  

Strut  

Transformed section  

U-wraps  
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