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Contractors often use vertical risers for ser-
vice connections into sewer pipes. However, 
down-drag from trench backfill produces large 
vertical forces that can damage the TEE or 
WYE fitting between the riser and the main 
sewer.  

Jianfei Ye completed a PhD in 2008, which 
represents the first rational study of this prob-
lem. He used tests in the biaxial pipe test cell 
at Queen’s and 3D analysis using ABAQUS to 
establish the expected loads on the fitting 
and the ability of the fitting to resist those 
loads. This combination of physical and com-
putational modeling establishes new design 
procedures for estimating the down-drag 
forces and determining the nature of fitting 
failure. Tee fittings experience severe local 
bending and fracture at the point where the 
vertical cylinder intercepts the horizontal 
sewer pipe. Wye fittings were found to experi-
ence failure at the base of the vertical riser 
due to the eccentric nature of the applied 
loads. Ipex is working to redesign their fittings 
to withstand these loads. 

The use of ABAQUS permits complex three 
dimensional geometry to be modeled, and 
consideration of interactions between the 
fitting, the riser, and the surrounding soil. 
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D O W N D R A G  F R O M  V E R T I C A L  R I S E R S  T O  T E E S  &  W Y E S  

S T R E N G T H  O F  S T O R M W A T E R  D E T E N T I O N  S Y S T E M  

Work for Brentwood Industries in 2007 involved 
unique tests to establish the strength of a new poly-
mer stormwater detention system. Buried in the large 
scale buried test facility at Queen’s, a new reaction 
frame and servo-controlled test system demonstrated 
that this infrastructure could support a fully factored 
AASHTO-CHBDC truck. Jianfei used a novel ap-
proach to measure loads in the polymer structure and 
explain load sharing at working and ultimate loads.  
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R E S E A R C H  S U M M A R Y  

P R O J E C T  O N  P V C  
P I P E  F I T T I N G S  F O R  
I P E X  O F  M I S S I S -
S A U G A  O N T A R I O  

C A L C U L A T I O N S  O F  
D O W N D R A G  O N  R I S -
E R S  A N D  F I T T I N G  
S T R E N G T H  

M E A S U R E M E N T S  O F  
D O W N D R A G  A N D  
B E N D I N G  I N  T E E  
A N D  W Y E  F I T T I N G S  

3 D  F E A  U S I N G  
A B A Q U S  F O R  F I T -
T I N G  S T R E N G T H  
A N D  L O A D S  

S I M P L I F I E D  A N A L Y -
S I S  D E V E L O P E D  T O  
P R O V I D E  E X P E C T E D  
D O W N D R A G  F O R C E S  

L A R G E  S C A L E  T E S T  
O N  S T O R M W A T E R  
D E T E N T I O N  S Y S T E M  
F O R  B R E N T W O O D .  

H I G H L I G H T S  

 First rational study of 
risers explains both 
demand on and resis-
tance of these struc-
tures 

 Unique measurements 
of stormwater deten-
tion system to  estab-
lish stability under 
AASHTO axle loads 

 Now with Gibson Asso-
ciates (Ontario) . 
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Three dimensional finite element analysis using 

ABAQUS to determine stresses and deformations . 

Data acquisition for Brentwood test 


