
V a s ily  Step anju k - P o lite c h n ic a l  In s t it u t e  o f  B rest
■ CRACKING OF PRESTRESSED LIGHTWEIGHT CONCRETE • BEAMS UNDER REPEATED STATIC LOADS

T e sts  were made with repeated s t a t i c  lo a d s , in  load c o n tro l equipments, one load c y c le  per .m inute. B efore repeated lo a d s , d ia l  s tr a in  gauges w ith 10 to  15 mm b a se s, and 0.001 mm s e n s i t i v i t y ,  have been mounted , on the f i r s t  e s s e n t ia l  cra ck s  skew or normal to  the beam a x is . O therw ise, crack  widths have been measured by means o f  a  m icroscope. The t e s t  equipment was a u to m a tic a lly  c o n tr o lle d  and i t  recorded the number o f  lo a d in g  c y c le s .The f i r s t  loads were ap p lied  in  increm ents o f  2% o f  the c a lc u la te d  u ltim a te  load up the appearance o f  the f i r s t  cra ck . The c h a r a c t e r is t ic  minimum load r a t i о o f  loadr e p e t it io n  was 0 .25. Crack w idths have been ‘ measured in c y c le s  1, І0 , 50 and 250. In the s e r ie s  11 th ere were th reed if fe r e n t  le v e ls  o f  load r e p e t it io n s  w ith a  maximum o f  50 c y c le s  a t  each le v e l . fCracks in the shear len g th  belong to  e it h e r  o f  two groups. The f i r s t  group in clu d es cra ck s  ;s t a r t in g  from  the t e n s i le  f la n g e ,, run p erp en d icu lar to  the beam a x is ,  and are d e f le c t e d 'la t e r ,  in  com pliance w ith the p r in c ip a l s t r e s s  t r a je c t o r ie s . Shear crack s in  the second group s t a r t in g  a t  mid-web tend towards extreme f ib r e s .In our t e s t s ,  crack s in I-beams o f  shear span a  = 1. 5hoalw ays developed in com pliance w ith the second group and under repeated loads they propagated towards the top and. bottom f la n g e s . In g e n e ra l, the f i r s t  a p p lic a t io n  produced a  s in g le  c ra c k / fo r  a  s t ir r u p  sp acin g  o f  210 mm/. By ipicroc scope then , a t  load r e p e t it io n s , even r i s i b l e  to  the naked eye revealed  cra ck s  p a r a l le l  to  the f i r s t  one in the zone o f  com plicated s t r e s s  s t a t e , in  a d d itio n , a ls o  p e rp en d icu la r ones in  beams w ith 70 mm s t ir r u p  sp acin g . T h is phenomen i s  c o r r e la te d  e x a c t ly  to  the complex s tr e s s  s ta t e . As a  f u n c t io n - o f  the r a t io  o f  the maximal prim ary to  repeated load cra ck s  extended



to  extreme f ib r e s , always c ro ss in g , the: t e n s i l e ,  and sometimes even th e  compressive zone. . In case o f •th e shear a  = 3. 0 ho, c r a c k in g  s ta r te d  a t  the t e n s i le  f i b r e ;  u s u a lly  a t  the load a p p lic a t io n  p o in t, as a  cra ck  p e rp e d icu la r  to  the beams fo llo w e d  by skew crack s. I t  i s  to  be noted th a t the quoted c ra c k s  normal to  the beam a x is  were h a ir  cra ck s  about 0,015 mm wide. These crack s remained h a ir  c ra c k s  even when-skew cracks became sharp w ith widths up to  0 .1 2  mm. Subsequently, skew cra ck s  begam to  grow, and f a i l u r e  occurred along the skew s e c tio n .Once skew crack s have developed, fu r th e r  load r e p e tit io n s  cause them to  propagate and widen. Experim ents show the skew c r a c k  w idths l ik e ly  to  exceed th e l im it in g  valu es under working c o n d itio n s , depending on the r e la t iv e  shear span, the lo n g itu d in a l and web rein fo rcem en t p ercen tagess value/ and o th e r  param eters. ^ A ctu ally , m u ltip le  load  r e p e tit io n s  are reckoned w ith by a  fa c t o r  ks = 1. 5 in  S o v ie t  standards Cl] and COMECON recommendations C23 a p p ly in g  a  fa c t o r  o f  1 fo r  in fre q u e n t, instantaneous load s such a s  in  our case. This approach to  crack width c a l c u la t io  i s  ir r e le v a n t to  the phenomenon depending on s e v e ra l param eters C31.Our ob servation  showed the skew cra ck  width to  depend b e sid e r  on the con crete s tr e n g th  a n d :s o r t , lo n g itu d in a l and tr a n s v e r s a l rein fo rcem en t, ty re  and number’ o f  loada p p lic a t io n s  a l со on the- way o f  rep eated  load a p p lic a tio n s , th e t  i s  not only  on m u ltip le  dynamic lo a d s , but a ls o .o n  s t a t i c  lo a d s a c t in g  repeated but not e x ce e d in g ly  tim es.E v a lu a tio n  o f  r e s u lt s  o f  t e s t s  on re in fo rce d  concrete beams made with normal aggregated  a t  the Concrete andR ein fo rce d  Concrete Research I n s t it u t e  C4] led  us to  fo llo w in g  co n clu sio n s .a/ Skew crack  widths are a ffe c te d  by th e percentage o f  the lo n g itu d in a l reinforcem ent an r e la t iv e  shear span valu esm ostly in  case o f  low percentage o f  the wed reinforcem ent, b/ Concrete stre n g th  a f f e c t s  the cra ck  width o n ly  s l ig h t l y .  T h is i s  why t h i s  fa c t o r  i s  om itted from . design  form ulae, p a r tly  f o r  the sake o f  s im li f ic a t io n .In our some o f  the mentioned param eters have been varied . The sm all namber o f  beams te s te d  f o r  skew crack  width did not
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perm il us to  determine the e f f e c t  o f  the v a r ia b le s  on the te ste d  c h a r a c t e r is t ic s  other than a t  low co n fid en ce . .The fo llo w in g  general trends were, however, q u ite  d e f in it e :a) E f f e c t  o f  shear span • • .Shear span o b v io u sly  a f f e c t s  the skew crack s in a g l i t e  concrete even f o r  s t ir r u p  p ercen tages Jl^, 0 ,66 % and 
ji\w 0. 22 % ( k\w 7o = 100 2Aw/b *u , where Aw is  he cro ss•'section are a  o f -  one s t ir r u p , bo th e ,wed th ic k n e s s  arid u the s t ir r u p  s p a c in g .) For in sta n ce , beams BL-7. and BL-8 te ste d  with d if fe r e n t  shear spans e x h ib ite d  prim ary cra ck  w idths acr=0. 035 mm and a cr  = 0 .1  mm, r e s p e c t iv e ly , loads, and a l l  other circum stances being equal. Upon repeated lo a d s, crack  widths grew to  2. 3 tim es ans 1.25 tim es th e primal' ones fo r  shear spans a  = 1. 5 ho and a = 3. 0 ho r e s p e c t iv e ly .b) E f fe c t  o f  s t ir r u p  spaceignRepeated load t e s t , show .t h e  s t ir r u p  sp acein g  to  a f f e c t  skew crack width. -  ■ In c a s e .o f  s t ir r u p  sp a cin g  u = 70 mm, skew crack wi.dth grew 2 .7  tim es in g e n e ra l, a f t e r  250 lo a r  r e p e t it io n s , though wi.th d if fe r e n t  repeated load maxima. For in sta n c e , skew crack w idths o f  0.085 mm and 0.01 mm.in o rd in ary  concrete beams BN-1 and BN-2 were produced by sh ear fo r c e s  80 kN and 60 kN r e s p e c tiv e ly . . Although the rep eated load valu e was higher, in .th e  beam BN1 than in the beam BN-2 , crack  width .grew by le s s  a t  BN-1 because o f  the 70 mm s t ir r u p  sp acin g . T h is is  due to  the lower e f f e c t  o f  e x te rn a l load  on crack  width growth than o f  the percentage o f  the wed rein forcem en t.c) E f f e c t  o f  p re stre ss  .The grade o f  p re s tre s s  a f f e c t s  the cra ck  width in  a  way t h a t  a s in g le  lo a d in g  o f  the same valu e and under otherw ise id e n tic a l co n d itio n s  caused only a  crack  w idth 0. 01 ..mm in the beam, BN-2 ( O'  = 944 N/mirf ) while 0 .12 mm in  beam BL-10 ( G ' = 278.4N/mm2 ) . Subsequent, repeated lo a d in g s  increased the crack widths to  the 2 .65 fo ld  on the average.d) E f fe c t  o f  the lo n g itu d in a l rein fo rcem en t percentageSkew crack  widths are a ls o  s i g n i f i c a n t l y ,  a f fe c te d  by the lo n g itu d in a l reinforcem ent p ercen ta ge , ra th e r  than by the tra n sv e rs a l one alone.' vThis i s  a p p e a re n t‘from re s u lts v o n  beams BL-4 and BL-5 w ith n early  id e n t ic a l  e f f e c t iv e  p r e s tr e s s  valu es (888.9 and . 900.0 N/mm2 ) but d if fe r e n t  lo n g itu d in a l



p r e s tr e s s in g  wire percentages. A lo a d , o f  80 kN caused in beam BL-4 withy/,y = 2 . 6  % a crack  0 .055 mm wide, w hile in the o th e r beam w ith flw =1.3  % a  somewhat low el load (70 kN) produced a  skew cra ck  0.15 mm wide. O b v io u sly , beams with lower lo n g itu d in a l reinforcem ent percentaged are l i k e l y  to  e x h ib it  wider cra ck  than those w ith h ig h e r  ones.Our statem en ts are supported by s tu d ie s  [5] on lig h tw e ig h t ag g reg ate  con cretes under su sta in e d  /340-day/ load . These e x h ib ite d  no co n stan t f o r  f a c t o r  k  ̂ and i t  was never le s s  than but much high er ran g in g  from 1. 75 to  3. 0.Table 4 shows -the encountered f a c t o r s  k . . in  our ca se s  to  have ranged from 1. 25 to  2. 9.The ob tain ed  k^ v alu es  -  reckoning e it h e r  w ith the du ration  o r w ith th e number o f  load a p p lic a t io n s  -  are  c lo s e  to  those in  the mentioned t e s t  s e r ie s  made w ith  permanent load [6 ] . In th ese h igh freq u en cy , tw o -m illio n -c y c le  load  t e s t s  the kj fa k t o r  changed in  wide ran ges, from  1 .6  to  4 .5 , averaging2. 92. Keeping in  mind th a t the re fe re n c e  beams d if fe r e d , "b oth  in  s t ir r u p  sp a cin g  and con crete s tr e n g th , beside being not p r e s t r e s s e d ,' the fo llo w in g  statem ents may be made.Repeated in stan tan eo u s loads a p p lie d  once in  a  minute a f f e c t  th e skew cra ck  w idth to  the same degree a s  both load s ap p lied  a t  400 c y c le s  per minute frequ en cy , and a s  su sta in e d  loads. In -connection  w ith the load frequency and i t s  e f f e c t  on the s t r e s s - s t r a in  c o n d itio n  o f  beams,’ i t  has been s ta te d  10 th a t under rep eated lo a d s , the a b so lu te  valu e o f  re s id u a ld eform ations in cre a se  w ith the d ecrease o f  the load in g frequ ency.The s ig n if ic a n c e  o f  the p o s s i b i l i t y  o f  c a lc u la t in g  the width o f  skew cra ck s  -  many tim es c o n t r o ll in g  the shear rein fo rcem en t d e sig n  - imposes t e s t s  on g re a t many specimens f o r  su p p o rtin g  th e o b servation s. U n fo rtu n a te ly , th e  em p irical form ulae su ggested  in fo r  the case  o f  dynamic loads to  improve the accu racy  o f  the form ulae in .the . COMECON recommendations C21 are not v a lid  f o r  rep eated  s t a t i c  loads. O b v io u sly , the s ig n if ic a n c e  o f  t h i s  problem i s  ju s t  as high f o r  o rd in a ty  co n crete  beams. I t  may be s ta te d  th a t  t e s t  and (ca lcu la te d  v a lu e s  are f a i r l y  c o n s is te n t  in  the 0. 2 to  0. 40 mm cra ck  width range adm itted in the S o v ie t  standard C51.



- The in d ica te d  d e v ia tio n s  are com prehensible: In the case o f  sm all crack  widths the co n cre te  p la y s  an im portant ro le . E. g. fo r  beam BN-2 w ith a  t e s t  cra ck  width o f  0 .01 mm although the value c a lc u la te d  accordin g to  th e S o v ie t  standard would be0 .  1 4 6 .mm. In creasin g  the shear to  91 % o f  th e u ltim a te  value re s u lte d  in  a  crack ' 0 .6  mm wide, exceeding the c a lc u la te d  value, o f  0. 43 mm, namely under t h i s  load , the s t ir r u p  s tr e s s  is  near the y ie ld  point.
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