
 

 
 

RC  
 

 

 
 

 

4

PPrediction of strain and stress of RC slabs using an expanding material 
Part 1: From mixing to contact among all binder particles 

 
 
 

Abstract 
 

The purpose of this research is to predict the strain and stress of reinforced concrete slabs using an expanding material 
to prevent cracking of concrete caused by time-dependent changes in volume in the distribution warehouse. We assume 
that the factors behind the changing volume of concrete are the hydration reaction, moisture transport, heat transfer, 
and external forces, and we have formulated a calculation method that can consider the interaction between the stress 
state, internal pore structure, moisture condition, and the changing temperature and humidity of the outside air.  
In Part 1, we reported on the portion of the calculation method from mixing to contact among all binder particles and 

calculated a sample thereof. 
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(C3S) (C2S)

(C3A) (C4AF) 4

x

 

xun,i(t) = r0 - ki(r,t) dt               (1) 

ki(r,t)  = i(t) ki0 log(1/ i(r,t))         (2) 

i(r,t) = 1 - (xun,i(t) / r0)3                 (3) 

x(t) = {3/4 (Vhy + Vun)}1/3           (4) 

 

 x: [ m] 

xun: [μm] 
0: [μm] 

t: [hr.] 

ki: i [μm/hr.] 
ki0: i [μm/hr.] 
βi:  

Vhy:  

[ m3] 

Vun: [ m3] 
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V(t) = Vb(t)+ Vw(t) = Vb’ (t)+ Vws(t)  (5) 

Vb(t) = wbi(t) / bi  (6) 

Vw(t) = ww(t) / w  (7) 

Vb’ (t) = Vb(t) / a(t)  (8) 

 

 V: + [mm3] 

Vb’: [mm3] 

Vb: [mm3] 

Vw: [mm3] 

Vws: [mm3] 

a:  

bi: [dg/mm3] 

w: [dg/mm3]
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b(t) = 1 – a(t)                           (9) 
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p(r) = n(r) / Ntotal                        (10) 

 

 

 p(ra)4 

 p(ra)3×p(rb)×4 

 p(ra)2×p(rb)2×6 

 p(ra)2×p(rb)×p(rc)×12 

 p(ra)×p(rb)×p(rc)×p(rd)×24 

1 3

4 3

0

1

(11) (12)

 

 

if n cn < n+1                         

cn =  n   if cn < ( n + n+1) / 2 (11) 

n+1  if cn ( n + n+1) / 2    (12) 

 

 n  [ m] 

n+1 n [ m] 

cn [ m] 
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