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IN TRODU CTIO N

Bac 1
~~

r o un d : • . Wh en s tud  fibe r s  are ran doml y cliop ersed in a
concrete or mortar rnix~ the p roper t ies  of the basic material are
altered. Fiexural , compressive and shear strengths are increased ,
impact resistanct~ and f atigue life are imptoved , and post crack ing
behavior is c .onsJder ah ly modified. These impr ov~:d p r o p e r t i e s  have
resul ted in the widespread use of steel fiber concrete in pavements
and pavemen t overia~:s, refractories and j )reC aSt  u n i t s .  borever , the
use of the 1larLr idi in structural r~ )p i?a~~~LiOnS has been confined to
small scale members .  Ia~ u f f ic i en t  resea rch  h . -; been accozn p li shuci  to

~~~~ provide rel iable cicsigri c r i t er ia  f or  large  scale st~~u ct u ra i  ap aUca--
tions . flenager (1) has d em on s t r a te d  t L t  steel f i b e r s  in beams

~~jj  8” x 12” x 144” (203 x 304 x 3658 ron ) c o n t rib ut e  to the ul
• ~~ s t rength  of the bc -a ;~, while Swatny and Al—Noo n ( 2 )  have sho~ n iha t

~~~ steel f ibers  can be used in large members , 6” x 9” x 90” (152 x 228 x
2286 mm) , to pr od !ce composite  beans . Will iamson and ~Tnah (3) dcmon~

~~~~~ s t ra ted  tha t  steel i1ors s u b s t i t u t e d  fo r  shear r e i n f o r c i n g  in f u l l

• scale beams can inc rease  the shear s t r eng th  of t he  concrete s u f f i —

~~~~~ c ient ly  to allow the beam to exceed the u l t i ’n ~~te des ign moment ,
however the beam d id  cot achieve the des i red ii .arral f a i l u r e .

Al though it has never been proposed tha t  steel f ibers  replace
conventional r e i n f o r c i n g  in f u l l— s c a l e  s t r u c t u r a l  sections , it has
been s u f f i c i e n tly  demonstra ted t h a t  steel f i ber s  c,tn c o n t r i b u t e  to
the overall s t ruc tu ral  capac i ty  of large members .  This s tudy  is
directed toward a bet t e r  c h a r a c t e r iz a t i o n  of the cont r ibu t ion  steel
f ibers  can make in st r u c t u r a l  members .
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‘1
Objei t lvi : t h e  o bj e c t  i V ’  of t h i s  in v e s t  i sat i on  was to det er -

mine the tt ’ . I r ; i t ) ~~1 I t V  01 r e p l ;a ’ i i l t ;  u l i t i r  r eiffi ol  t e o s n i  ( s t i r r u p s )
wi th i.iildo!nlv di ; .t  r i t ) i i t c d  st t e l  I i h er s  f o r  t lie i’eveiit j e l l  of diagtin;iI
t e t i r , i o i i  ( sh e a r )  ; i i l u r i ’ i i i  I Uil— St~ i ii C On V e n t  i o i i . i I  I V  i’e i l i I  o r c e d
concret e I ;uris .

i’qip ro .a - h : ‘Ih ~ S St t i d y  was a c c o t up i  I s ti ed i n  t w o  p l i a s e r ;  . l’li:ise
1 (3) involv ed f o u r  u l  1 — r u i l e  cou vt ’t ) t; i o n ; i  I lv r i i i t r e i d c o t i c r e t i

• bi ;i ; r~ ; d~’u i ~‘n ~ d i i i  a t -ct ’  r da i i c e  w i t  Ii AC I Code I 5— 7 1  . Ea ch  beam w ;I :
t he  ~~u ;e  i se and ‘ci i  t ;i  I ii~’d i t i t  i’qu:i I aoo’iin i i  I I cx u r a  I St  ui I .
beam had no shie ,i r ci ’ i i i  I o rc etuell  t , one con L i  I ned :; t i r cup ;; and two ~~~ i t’
made w i t h  s t r a i~~’t i ~ s te e l  f i b e r s  as a rt’p I ; .i;; ’i i t  I or  st  I t r up s .

Phase 11 cons s t u d  of two add it i on s  I f i b e r  c on c r e t e  beams
s i m i la r  t o  the  f ru t to ur iscip t th at ii d e f o r me d  I i he r  \ .a ; ;  u sed or ;

• shear  r e i n f o r c e m en t  r : i t h i t ’r  t h a n  ti le sir s ig l it i t i r  . TIti’ ml x di ’;; I
f o r  Phase I is  g i v e n  i i i  ‘1~~b lc  1 t ogetlier w i t h  I lie u t  r t ’ I i g t  Ii r~ i’ ’~~ t I i s
of t h e  c o n c r e t e s .  T h e  beam C E O S S — S i ’ , ’ t l o l l ; ;  , i i i i l  l o a d  I t i ~~, arr ;ingi I;o’iI
are shown 111 F’i g . .1.

E e v i i ’~: of R e s t i l t s of  I’hasc I : ‘l i i i ’ r i - ; ; t i l 5 ,i i j  l i i i ’ l’hi ;i se 1
t e s t s  a re  g i v e n  iii labt e  2 , w her e  Liii desig n ! ; t ’r o  i t ; ;  and shea r
stresses ate courp irid t o t l ie  i t - L i l a !  v a l u e ; ; . ‘ l i i ’ beam w i t h  no sh ear
reinforccint ’nt at La i ned . nonicf l t  on]  v 72 n e r c e nL  o I I lie des i ~ ii v; l i i i
The bt ’a iii  w i t h  u t  I I m p s  hid ri tciti d a v i  hu e 27 l i r c e i l t  t r e at  ci— t h i n
the desi gn va l in ’  and s I 1 I I b u d  not I a i i  t d  ,‘ t htoi ight in i i  t i r e  woo 1mm i—
neat . ‘the to ’ l~i’; ;as w i t  I ; ;; t e e ]  i i  he  ru  ~i ; .  sit a t  r~ i n f o  i n ;  u t
at ta ined moment s S pt ;rcii; I and I.! pr I t ~~~fl t i l l  i~~~ ’ess  ol  t lie desi  ‘ i i

momu ii t

‘lit ;’ 1)( ’iiIii U i t  m i nt  shi  or  ri i i i l o r t ’ eun i ’u i t  d e v e l  (ipe ( i  an a ve r a . . s i ;
st reu~~~Ii eq u a l  i i  I i i i ’ des i~~n va] tie . At I h i s  p o i n t  t I ; i  i n e a i u i  t a i l e d
( ‘ ; i t ; i u t  r op l ilca ]  I v  iii  shi i ’ ; i r  as was expe c  t i ’d  ( I ’  g .  2 )  . l i i i ’ heani w i t  Ii
st  I r i ; i p ; ;  r ea c h e d  in u v u ’og t ’ s h e a r  s~ t e s s  (ol percent in i ’ > ;c . ’o;; m l t tie
de sign  v a t  tie , and  ;i 1 t h i o t i g ht L i i i ’  bo im con t a  i t i ed i i ; i ; ’ rous  di ,~ ‘ouia I t e n —
si  on ; r n t -k s  , I l ie be am d i d  no t  ía i 1  i ) t l t  t h e n ’  I S  flO d o u b t  t h a t  i t
woul d h ive I n i  l i d  in f I t ’x u i ’e , ha d l i i i ’  c;ip .aci  y ol t l i e  I o , id I u i g  m a c i t  I n t ’s
not been e x c ee d e d .  ‘[li e t w o  b e a u s ;  w i  L i i  l i  i~ r s  ,;; ~l i e ; u i ’ r e i n i o n ’ int ’ ; i t

dcvcl opcd shea r sl re u’ ;en ;  47  pe I’ ce i t  t gi ’e ;t t e n  t ba it  t lie tic;; I gu v ;iI ne
be f o r e  t h e  l) eahlu ;; I ii ii  cii cat  as t ropii it ’ ;; 1 1 v I i ;  sh ea r (Fi g. 3)

The main conu lt i s ion  t h a t  can lie  der i ved  f r o m  th e se  data i s

t h a t  s teel  f i b e r  cone i i t  c can d ev e l  op ;;ii If it~ i t n t  sh ea i ’ s t  r i ’it gt  hi f o r

the beam to exceed  t i i .  t i l t  ima t c’ des I gi l  moment  c ;ipac  it v . h h ow ev t ’r , t h e
shear st n e n g t h i  was not  suffici e nt to force a I I ex ur a  I liii lure.
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‘l’- ib l  u 1

I1 i ’; I ‘~ i H ix  and St i t - l e t Ii P r o p e i t  i t ’;; ,
I h ias e  I

t~ta t e i i i I  y d ’~, lbs iiI~~, kg

( t l : t ’Ii t 572 340
-
‘ 

Sand  14 85 887
3/ 5 ’’ ( I I )  ;, ~~) , ; ; ‘ ;~~i i ’~ ’ , t (  t’ 11 1 8 )  8b7
Wa i’ 

* p I i i  ii coin u ’  - 357 2oq
Wa t e r , t ib totis c tue ci’ t e t~ .1 233
F i b e r s  220
Air  4— 6% 4--~i
W a t t ’ r i’ t ’duc ç’ r per i ; i I 

~~~
. r ~‘~~ou ;uu~’i id ~ i t  ~ t ; ;1 ; .

St r i ’n ,~ t Ii I~noji . ‘nt i es

Age , d.i v ;; p s i

1’ Li i n  Ccii e t ~
- Lu

Coup russ  ion 79 4( t i t )  3 2 .  1
Fl ( ‘ X L I ~~S! 53( 1 .

~~~ it t  la g 30 481 3 . I~

I ’Ib e i’ ( ciii I t ’ I t ’

Coup r i’s;; i o u  34 41 1(1 78 ,5
Fl exoir . i  I 35 (~~)~ /4 •  7$
Spli it  I ni; 35 4 qi )

*Coliip l’t’s; ; ion val no t ; a l t ’ t i t i ’ ave i a  ge of 9 1 i ’s I ii . A 1 1  o t h it ’ i-s a re t l i t ’
ave r age of 3 .
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I 1 t i t  h~’ - i ’  : - i i i - v~~’ h~ 
• I - I I ’  I i i  , i  ~‘; i I I t it ni

\‘C i v  h e ~, i c i t l ~. . , i : ’ j s u i -~~, i : - : , j t i - i v  is per ~~- u ’ u i t  o t  a l t  I l : r i l t ’ . I t.
v . 1 -  i , ‘ .i: - 5 ; ;  , - 1 I i , i  t I I , ;  gi i C r 5 t ~~ ~~ L i i i  ~; is t i~~ i; ’j h o e e l;  It1 In ’ deve 1—

~h’o’d b~’ I l i i ’ ibo ’ , I i i i ’ u i  ; ‘~ i i i:’ , .ul ii, ’ 1 a t  i s h i , - i  S I u i - f l ; : t Ii t i ’s  ci be
i1i~~~u ’ l~~;, ’t - tI  t ‘‘ I ~‘l C i  I I i i  l u - u - i ; ,  t o  .o i  1 i i i  t lo _ ’C’,cirt - • P r t ’n ’ iso:; v’ci ba d
r i  icv’u i t h i _ u t i - s~~n, - ; i - I  i ’ • ,d , - w u I I i  1 ~‘ cd i I : ;  W i  11 ds ‘ye b i t  a t~t’e~o t o ’ r
l i t  isis - i- : i i ; ’ , .t  r i  - i i  t l o u t  . . u t i i ’ v i  t h  e t  u ’a j u t  f lie rs . . \- :  ii

i c - - u  I t  i ’ i  I ~is - ; ,- , - ; - , - ; v  at  t e;;: - I u ,, ’ ath ~I I i ~~:I,i I L i S t  a i rs - I t ’ i i i ’ ; ;  C ‘neil
I i; , I u ’  , i  I u ; o~’ i t  a ~i i ’ I s i  : :, ‘~i , ; ; i i  • I u t - S i ’ I i ’S I a c i ) ; ; ; ;  I i t  u t  ~-7 l u i s u  I
i l l  t i 5  r — t

I - : I I

t i - u I a l O u  1 . 1 r I a 1 1 i i i  I hi ’ a t  ~‘ l I i lu ’ r s ;a ;~’d 10’ Ui’  I l t - is;; I
;~ stI / i s ) u n i t  , 1 5 - I u u r ’ i 1 i v  u ; , ’k ~~~’ i - t  S \ .  t~~, , i il’ ,- ; a  , 1 I t - 0. 07 _ii ,‘ ~()
i n ~- h i i - :; ( 7 . ‘ x ~~ ) - id S i t  deI~’ u ’ ;: i , i  i t  t i n ’  , - ,~~1;; ( I  i . . - .~~ . I h ~

I i i  t I l i l t ’ S t  F i ’5~~~t I i  e l  I 1,5 I u b t ’i ,; i i ;  I I I  , 5_ i , Ce  si-C 0 1  _ ‘ i~ ( 1 , _ 7 ) 7 p i - i  l_ 1)0 1

• ‘liii’ ;:. .u i n  r i  i s  i i ’:  S i ; ’ )  i - i t t  el c~ . ;n ;  ‘~S I N \ t s l  5 Cra ~~ - (~~ with l~ ,
( 4  he ; i ( - i - i l  NI ’ ; I I e u I - c  i n  ~~is • rind I 7_ I k; I ( 4 1 ) ;  ‘1 , ;  ‘

~ Is ;  I, ’a ; n
N i ’ . Ii . I l i t ’  ~- i ’ ;n ’ r u L e  1 :0; r u g s - c ’ i t  i i i !  t o  In ’ SOil0 pa I 

~ ‘- ‘k ~ Nl’ rfl  i t  .I~
tL u v i s ,  i i 5 t s ’ i ’V i i , poor  , - ; ;  t r o t  r o t  t h i s ’ h ;i t i ’ l l p I a u _ I t  t - a n u s e d  tine ’ i t s i _ I C  r e t  e
;; t r i - i l gI  h:: t o  v ar ~’ I s ’ t  t he o i l  t e u i ’t l t ‘ ‘ n: ;;: . i i t ’ u ’ t ’ t i ~ ’ i s - I  e ci t S 7 ; :  u ; : i x
and t i ’ ,, ’l l t ’ t ii ~‘ , t ; .  e I S  dt ’u’ U, C V i ’O I O ~ I 0’ i i  . 1 h~- l’,- ,_ I cc-; n r c ’
t~thiri ~’~it ’d i i i  , ‘I  h~ ’d ~~~~~~ t ’ ; :~~~ 1 1 : 1 ; :  I s i i ; ; a i ’ i l v e’, i , - t u o i l  ‘. .l 1 ’ i ; ot  I s ’ ; ’) .

I’iit’y w e u  i ’ t i u r i - , i  u t i t ’, ’ t o - m g i - I  t u t u  I -v t e l l  I n C  u~ i t l t  a c o i l  ii i ’. ~ , ‘r : ;—
p o n i i t i  . 1)0, 1 - a ;  , id ‘ ; i - pt ’ s - i i i  is v t - I  i’ c u ; , ’ ci I ;i t ii ~‘ s i l l s_ is. r u n  , c ’  e

~l i  0) 11 0 i i i ’  I l ; i  h , c ;u ~ -i ; t i ’ , -~~‘; l , - U~~’ I C : 1  u , - : r - . t I i  not  h u t ’;- .- sti l l  i is H It ’ 3
~~i u ’  ( I s ’s , ’ o U t  , i  ic ed  i’ ; u (lit ’ - r i m , ’ ~i , i ’ , ; ;  I h r u t . i i: , bt’zi n:is v’o I ’ u ’ t e st c  U

i t - ; ;  I I ; : ; :  I I ; ,  h , ’ , uun ; ;  ol  I ’h , ;oe i i  we i i ’ t i ’s t i ’d i s : ;  , i  7 1 ‘—o ”
• 4 lIi~ ::p a u i  W I  i i i  I l ie  51 i i i  I O , I , i  a- r u t ’ ( . 1 1 : 1 1  i s r ; - : 1 1  1 l i e  t h u  I ru  p t ”  I a t

r , i i c s n r t i  in  h-’i v, . 1 • i - ’o t  I h i e s t ’ I s ’ i s t  ; ; , t h i t ’  h , ’:r i i  i u i U ,  wi ;; ;i~’w ; ; r , l  w i t  l I e  1 or
t h i s ’  l i i i ; ; , - I t o ’ St ; ; , t Is ’ load  i l l : .  \ -,- ,ir; d& ’ - ,- ; is  i d ;  ot  c - t v - i -c ’ , t I t u t e  was a, ’
di  I f t ’r en i ’u.  A t h i  i _ i  :ii ’ t  t i , i t  c ’i ’ i ; ;I ; ;  i i i  n o d  ;it  ( h u e  C u l l  u i ’ t ’t  t h e  I ’ t ’j i - ’ ;

fo r  otse whet i  t h e  e , i p ; i ~ ’ i t v t’ I tin ’ r: ; .u in rut ’ t. i i r i t  or s  w, i r :  exo ’eec h ed • I
i l t ;~ Wa. ’ : . i t t ’ ‘ ‘~ u ’ I ; ! ; , ,! u : i  thu a (07 ; : v ; ; I  i ’ ; ; .  h l o ’ I  •l e r (  l o u i s  v o l t ’ i I s t  l i l u i l

• 1, ’~’ l ’hiv ; ;  i t  i’isli  a n t i  ti  li t I ; : , u ’ t ’ : • i-1 - , u , I  I ; i - : i s  v i - i i  I r ; k ~~- ; u  a t  I t )  IC I 
~

kN) inteu’v ,ul ;;; t’ lo ;; i ’ u v-Ii&’n i’t ’ t~ i i I  i e d .  I \ c i ’p t  lo t  t i n -  d i a l  g u g ~ ’ r u , a l l
ti e ; ; is’ , ’ F t ’ r i - i - o rd e ’l  I i i u o i i g l t  i l l  g I I a  1 u i ’. i d c i u i t  tog,  I g m e i i t  • SI e ’ui i
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The load—d el  (ec t ion c t iu’Vt ’S of F i g.  6 1 i tu I l e r i t e  t ha t  the f i b e r s
have  no of f ec h upon t h e  st  if l u l L s - I S  ci t i i t ’ b & - n t n : ; s  . This is in c o n t ra s t
to w h a t  cn t i )  be C l i~~ n ’C ted wlte t i  ;; t ed  1 ibe o’s nu e used in sr,;all rt icn ube r s
Both the s t i  f lues;; au_ I l l d u c t i l i t y  can be i ’o ut s i d er a b ] .y  affected by cl ue
pre sence ts~ f i b e r s , esp~’c b.all y f o m - s;;;all bu~ i s , i s .

Time St ra i l _ I s  t ::c’s: ut  cci by t h e  gags;: li_Id i c at s  ii max imum siteri r
sF t ess  25 percent ~ rca t er  t i t a n  t h 5  av~’r nu ~- e’ - ; 1 ue  a i r  ; ;t . r c - ss .  Thi s is
b a a - c d  upon a Y o u u r , i I  ‘ ;: n i . - . l u lo ;s  d~ai. ived fi’ou:u t he  I t r o u ’oc uJ I’~~ g i v e n  I t O the
AC] Code , v’ bic - r c ’  P = Y,-000 (1’ )‘i. ~‘ul t h ou g l i  t h e  Il_ I t c -u ’a c ’ t iou l  of
si U t - i - i S O ; ; due to  shc ;or n ; i u l  fl ~~xure a re  not  ci ear ly  de l  iu ;cd in a r e i n —
for ced concre te  heauu ; , i i  would  be expec ted t h a t  the u ;u nux imu m s t : rc-ss
would occur am u n i c t — t l c r j u t h  as found he re .

c c ~ !Q~~~~~~T1le foll owit_Ig conclusions are based upon the
use of steel f i b e r s  v’i tli d e f o rm e d  ends (Dra mix)  to replace s t ir i ’ ups
in f n l . i—sca i l e  r e i u 1 l c u i - c ed concrete heanis loaded with c o ncen t r s h e~i
forc e s.

(1) Streel fjbs~~s can be used to r t - p l n u c c ’  u - i t L r r u p : - i  in beams 
-

ij wit!5 no r~~d uc’ t-,j on In the r u J t i n ~j~:t - di ’i sj  gri  t rue ; :’ Si t  c :apn ic ity ,

(2) Steel f i ber s  increase  the shear s t r L - ;Ag t l l  of concre t e
beams ;; u f fi c i en t ]  y to prevent .  cat a st r o p hic  ciiagonai
toi ls  r on  ta i . l  t iIO , while  lo r cin g  t h e  b e anm to fa i l  in
f iex u r e ’.

(3) AC t Code p r c ’u’ c ’J c l rc ;.; can be used w i t h u ~’u t uiiodi f~ .caCion
to Je i -u i i , i :  i t O ; fosc ’ed concrete bc ai :ts ( b u t t  contain
steel  f i l ’c r s  u t s sh i e, ii’ in ]  of  orce t ’ a :ut tn

( 4)  1,ow ‘j oiumc- pi t- ret ’- t r ;~- er-u o f s t ee l f i b e rs  h ay s  no e f f e c t
upon t h e  s t if f o s s i s  of f u l l — s ca l e  1)eauns .’ ~~~ -

(5)  This gtnudv ind ica tes  t h a t  steel fibers prc - ; ;c cu t a
potent  i S i] )’ 115515 c’coi iott u ic -i l  t e r n a t  !j ’, c r  hr the  use of
st i  5551 1_ I S 11_I r e in fo rced  concrete design .
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