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Outline
Background

 Holdover public comment from TMS 402-22 cycle 
 Masonry beams subjected to torsion
 Torsion in Concrete beams (Research and ACI 318)
 Previous Masonry Research on Beams Subjected to Torsion

 Proposed Immediate Solution (Ballot)
 Preliminary numerical work
Concluding Remarks 
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Background
TMS 402/SM subcommittee received the following public comment in 
the 2022 cycle
PC-16: 
The standard discusses lateral-torsional buckling of beams.  However, there is nothing that provides 
guidance to designers as to the design of masonry beams for torsional effects.
For example, masonry lintels/beams might have a shelf angle bolted to them for support of an 
anchored veneer.  This induces torsion into the beam and its supporting wall jambs. ACI 318 has 
criteria for concrete beams, but TMS 402 is silent on torsion. 
Masonry code criteria should be provided for torsion.  Until that code criterion is provided, users 
should be warned of the torsional concerns through commentary.
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Background

Masonry lintels and beams 
often have loadings that 
induce torsion.

Building codes in the  USA, 
require engineers to account 
for torsional effects but give 
no guidance for torsion in 
masonry beams or lintels.
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Courtesy of the International Masonry Institute
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Background
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Concrete Beams- Torsion
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Concrete research led to designing 
beams using an idealized tube cross-
section in ACI 318: 
 Hsu (1968) 
 MacGregor and Ghoneim (1995)
 Hsu (1997) 
 Collins and Lampert (1973)
 Hsu and Burton (1974)

Thin-walled tube space truss analogy
Once beam is cracked in torsion, 

torsional strength is provided primarily 
by closed stirrups and longitudinal bars 
located near the surface of the member
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Concrete Beams- Torsion
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Criteria
Below 25% of cracking torsion (Tcr), 

ignore torsion (=Tth).
Until cracking, torsional 

reinforcement is not effective.
 Post cracking, reinforcement takes 

100% of torsion, concrete strength is 
ignored.  

Closed stirrups for 
torsion

Torsional reinforcement is not required if :
Tu ≤ φTth or Tu ≤ φ (0.25)Tcr
φ = 0.75

Tu = Factored torsional moment
Tth = Threshold torsional moment = ¼ cracking torsional moment (Tcr)
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Concrete Beams- Torsion

Tth = 𝜆ඥ𝑓′ 𝑐  ቆ𝐴𝑐𝑝 2 𝑝𝑐𝑝൘ ቇ 

𝑇௖௥ = 4𝜆 𝑓′௖ ஺೎೛మ௣೎೛
Threshold torsion for solid and hollow cross sections 
for non-prestressed members

Cracking torsion for solid cross sections for non-
prestressed members

λ varies between 0.75 and 1.0 dependent on the aggregate type 
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Concrete Beams- Torsion
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Acp = overall cross-sectional area
 pcp = outside perimeter 
 t = 0.75 Acp/pcp

A0= The tube area  is  2 Acp /3

Tth = 𝜆ඥ𝑓′ 𝑐  ቆ𝐴𝑐𝑝 2 𝑝𝑐𝑝൘ ቇ 

Limited Masonry Research
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TORSIONAL BEHAVIOR OF REINFORCED BRICK 
BEAMS Sriboonlue and Matthys (1990)

 Series 1 and 2 Beams
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 Series 3 and 4 Beams

Limited Masonry Research
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Limited Masonry Research
 Tested under pure torsion.
 Compared to classical torsion theory.

X = beam width
Y = beam depth
c = brick width; g = grout width
f rm= modulus of rupture was taken as 0.062 f ’m

f ’m = masonry compressive strength
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Limited Masonry Research
Their findings/conclusions:
 The torsional behavior of tested masonry beams is similar 

to a reinforced concrete beam before cracking. 
 After cracking, the behavior is significantly different from 

a reinforced concrete beam. 
 Reinforcement could not be placed

close enough to the exterior
 In this case, the ultimate torsional strength depends on the 

compressive strengths of the brick masonry and grout.
 A reinforced brick masonry beam subjected to torsion 

should be designed with cracking torque as the design 
criterion.

ACI 318 method check of Sriboonlue
and Matthys (1990) testing

14

0.00

0.50

1.00

1.50

2.00

2.50

0 5 10 15 20 25

Ra
tio

, T
es

te
d/

Co
m

pu
te

d 
Va

lu
es

Specimen No

Ratio of Test Values to Computed Values

Research

ACI, lambda=0.75

ACI, lambda=0.90

13

14



8

Recommendations for TMS 402
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Limit torsion on masonry beams
 Use the concrete criteria for capacity based on limiting 

the torsional moment to a threshold torque (Tth) that 
is 25% of the cracking moment with the following 
modifications:

 Substitute f ’m for f ’c
 Use λ = 0.90   (based on check on prior experimental  

work).
 φ = 0.75

Tu ≤ φTth ≤ φ 𝜆ඥ𝑓′ 𝑚  ቆ𝐴𝑐𝑝 2 𝑝𝑐𝑝൘ ቇ  

Recommendations for TMS 402
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Unlike concrete beams, masonry beams have a localized effect that 
should also be evaluated (future work). 

Possible anchorage

Extend 
anchorage 
up

Terminate 
vertical 
reinforcement 
with hook

15

16



9

Preliminary Numerical work 
(time permitting)

 Software: ABAQUS 
Modeling accurately is key
Test data on unreinforced & reinforced concrete beams (Hsu research)

 Successful in simulating the thin-walled tube behavior
 Future work: 

 Model the brick beams in the referenced research and 
 Model modern CMU and brick beam designs 

 Flexural CMU beam test data coming up soon with NCMA foundation research 
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Plain Concrete Beam under Pure 
Torsion
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• 45 degree cracks occur, starting 
from the wide face of the beam

• Concrete cover spalling
• Up to this point, concrete carries 

the load
• After spalling, reinforcement 

start carrying load
• Steel reinforcement yields

RC Beam under Pure Torsion

Concluding Remarks
 For now 

 Acknowledge torsion acting on beams in Chapters 5, 8, 9
 Limit torsion in beams to 25% of cracking moment 

(=threshold torque)
 Future Work 

 More research is needed for torsion with and without 
flexure and shear, as well as the influence of walls areas 
above.

 Test data on modern beams including CMU and clay beams 
needed

 Localized effects should also be considered 
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Ece Erdogmus, PhD, PE
Ece.Erdogmus@design.gatech.edu

Appendix 
Slides to refer to at code committee discussions or for Q&A
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ACI 318-19 Torsion in Beams
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ACI 318-19 Torsion in Beams
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Concrete Beams- Torsion
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Thin-walled tube space truss 
analogy
Once beam is cracked in torsion, 
torsional strength is provided 
primarily by closed stirrups and 
longitudinal bars located near the 
surface of the member
Outer skin (concrete) roughly 
centered on the closed stirrups
q (shear flow)= t.tau
t= wall thickness
tau= shear stress

Concrete contribution to torsional 
strength is ignored
Combined shear and torsion: 
concrete contribution to shear 
strength need not be reduced
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