
Shear modulus and damping ratio of  
recycled concrete aggregate from  
cyclic torsional shear test 

Dr Eng. Katarzyna Gabryś 
Water Centre 
Warsaw University of Life Sciences, Poland 



Content 
 Introduction 
 Materials and Methods 
 Selected Results 
 Conclusions 
 

Shear modulus and damping ratio of recycled 
concrete aggregate from cyclic torsional shear test 

Construction Aggregates 

Dynamic Mixture Properties 
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Similar to natural aggregates 
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Sustainable development Natural aggregates 

Recycled aggregates 

R C A :  i )  a g g r e g a t e s  
o b t a i n e d  b y  r e c y c l i n g  
c l e a n  c o n c r e t e  w a s t e  
w h e r e  t h e  c o n t e n t  o f  
o t h e r  b u i l d i n g  w a s t e  m u s t  
b e  v e r y  l o w  –  b e l o w  a  f e w  
% ;  i i )  w i d e l y  a p p l i e d  i n  
e x i s t i n g  e n g i n e e r i n g ,  d u e  
t o  t h e  e x c e l l e n t  e c o n o m y  
a n d  e n v i r o n m e n t a l  
p r o t e c t i o n ;  i i i )  p a r t i a l l y  
o r  e n t i r e l y  c a n  r e p l a c e  
c o n v e n t i o n a l  n a t u r a l  
a g g r e g a t e ,  e t c .  CRA FRA 
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Introduction 2 – Dynamic Soil Properties 
 

Wave propagation 

Seismic loading 

Machine vibrations 

liquefaction 

Cyclic transient 
loading 

M e c h a n i c a l  p r o p e r t i e s  
a s s o c i a t e d  w i t h  d y n a m i c  
l o a d i n g :  

 s h e a r  m o d u l u s  ( G )  
 s h e a r  w a v e  v e l o c i t y  ( V S )  

 d a m p i n g  r a t i o  ( D )  
 P o i s s o n ’ s  r a t i o  ( ν )  
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Distributions curves 

RCA_1 RCA_2

RCA_3 NA

Specimen Code Composition

RCA_1 95% fRCA (≤ 2 mm) + 5% FF (≤ 0.063 mm)

RCA_2 85% fRCA (≤ 2 mm) +15% FF (≤ 0.063 mm)
RCA_3 100% RCA (≤7 mm)

NA MSa

Compositions 
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Physical Properties 
RCA_1 2.61 0.21 2.36 1.01 1.70 1.556 1.338 0.744 13.5
RCA_2 2.61 0.18 4.88 2.49 1.75 1.515 1.285 0.723 16.0
RCA_3 2.60 2.50 9.09 2.59 1.80 1.710 1.390 0.600 9.5

NA 2.65 0.46 3.93 0.86 1.86 2.014 1.677 0.424 12.0
a  Specific gravity d Curvature coefficient Cc=d30

2/(d60 x d10) g  Maximum bulk density of soil skeleton
b  Average particle size e  Bulk density h  Void ratio
c Uniformity coefficient Cu=d60/d10

f  Minimum bulk density of soil skeleton i  Optimum moisture content

OMC i (%)Cc d (-)
ρ  e 

(g/cm3)
ρ d,max 

f 

(g/cm3)
ρ d,min 

g 

(g/cm3)
e h (-)Specimen GS a d50

b (mm) Cu c (-)

Leachate concentration 
from RCA mixtures 

RCA_1 0.018 <0.015 0.067 0.541 <0.008 0.015 <0.03 55.0 15.0 456.0 9.7
RCA_2 0.013 <0.015 0.045 0.52 <0.008 <0.015 <0.03 155.0 7.0 444.0 10.2
RCA_3 0.1180 <0.015 0.013 no data <0.008 no data no data 112.3 21.6 511.7 8.17

Acceptance criteria * 1 0.5 0.5 2 0.05 0.5 0.500 500 1000
* Official Gazette of the Republic of Poland, Regulation of the Minister of the Environment of 18 November 2014 on the conditions to be met for the introduction of sew age into w aters and to land 

and on substances particularly harmful to the aquatic environment.

Specific 
Conductivity 

(µS/cm)
pHSpecimen Co 

(mg/L)
Ni 

(mg/L)
Cu 

(mg/L)
Zn 

(mg/L)
Cd 

(mg/L)
Pb 

(mg/L)
Cr 

(mg/L)
Sulphates 

(mg/L)
Chlorides 

(mg/L)
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Resonant column / cyclic 
torsional shear device 

View of the test stand in Water Centre-WULS  

Torsional shear upgrade 

GDSRCA Control 
Box v2 

Proximitor 
sensor 

Proximitor 
targets 
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Selected specimens at initial stage 

RCA_1 RCA_3 NA 

Torsional Shear Test Window 

Mixtures preparation:   
 wet tamping method,  
 aluminum split mold  

d=70 mm, h=140 mm, 
 under-compaction technique, 
 initial relative density Dr ≥ 76%. 

A – area for 
changing 

parameters 

B –  
results 

C – 
hysteresis 

loop 

Testing procedure: 
 saturation by back pressure method, 
 degree of saturation Sr ≥ 80%, 
 isotropic consolidation at p’=90, 180, 270 kPa, 
 changing loading conditions: f=0.1,1.0, 10 Hz; 

N=10, 100; A ∈ <0.01 V, 1.0 V>. 
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1. Dynamic diaphysis 
curves 

2. Secant shear modulus  
for f = 0.1 Hz 

3. Damping ratio 
for f = 0.1 Hz 
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4. Effect of excitation frequency and 
number of vibration cycles on G – 

modulus and D - ratio 

5. Maximum shear modulus vs  
mean effective stress 

6. Minimum damping ratio vs  
mean effective stress 

𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑎𝑎 ∙ (𝑝𝑝′)𝑏𝑏  

𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑎𝑎 ∙ (𝑝𝑝′)𝑏𝑏  
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1 S i m i l a r  c h a r a c t e r i s t i c s  o f  m a n - m a d e  s o i l s  a n d  
t h e i r  s i m i l a r  t r e n d s  o f  c h a n g e  d u r i n g  c y c l i c  
l o a d i n g  a s  f o r  n a t u r a l  m a t e r i a l .  

2 f R C A s  d o  n o t  m e e t  t h e  r e q u i r e m e n t s  o f  P o l i s h ,  
E n g l i s h ,  a n d  A m e r i c a n  s t a n d a r d s  r e g a r d i n g  t h e  
u s e  o f  t h i s  p a r t i c u l a r  m a t e r i a l  a s  r o a d  
s u b s t r u c t u r e .  C o a r s e r  R C A  f u l f i l l s  t h e  
r e q u i r e m e n t s .   

3 f R C A  m i x t u r e s  a r e  v e r y  e f f e c t i v e  i n  d a m p i n g  
v i b r a t i o n s  f r o m  p a s s i n g  v e h i c l e s  b u t  d o  n o t  
i m p r o v e  t h e  r i g i d i t y  o f  t h e  r o a d b e d .  T h e  
t e s t e d  c o a r s e  a g g r e g a t e  i s  c h a r a c t e r i z e d  b y   
a  s t i f f n e s s  c o m p a r a b l e  t o  t h a t  o f  a  n a t u r a l  
a g g r e g a t e .   
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THANK YOU FOR YOUR ATTENTION 
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