
Fracture Mechanics of Concrete Structures, 
Proceedings FRAMCOS-2, edited by Folker H. Wittmann, 
AEDIFICATIO Publishers, D-79104 Freiburg (1995) 

COMPUTER SIMULATION OF FASTENERS 
IN CONCRETE UNDER FIRE 

R. Pukl, M. Reick and R. Eligehausen 
Institute for Building Materials, Stuttgart University, Germany 

Abstract 
A numerical study was performed to investigate the behavior of 
a headed anchor subjected to fire in case of concrete cone failure. 
Headed stud anchors were analyzed using the improved non-local 
microplane material model. The influence of heating of the speci­
men was modeled by choosing specific material properties diffe­
rent temperature layers. The development of the failure cone was 
simulated for fasteners with four embedment depths under normal 
conditions and in case of fire. The load-displacement behavior of 
the fastener, crack propagation and evolution of stress strain 
fields in the concrete during the loading process up to concrete cone 
failure are obtained from the analysis and by graphical postproces­
sing. Conclusions from the comparison of simulations of fasteners 
under fire and in cold state are drawn. 

1 Introduction 

Metallic anchors are increasingly used in the building industry e.g. to 
fasten supplementary equipments to concrete structures. These fas­
teners are embedded into concrete, and they transfer load the 
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~L~·LLL,~LLV to building structure. The fasteners commonly 
transfer rather large forces into the concrete mass. 
mode of fasteners is pulling out a concrete cone 

and Mallee, 1992). 
of fasteners under normal conditions has been 

is rather well known (CEB, 1994), their be-
has not been studied sufficiently. Nevertheless, 

capacity of fasteners under fire loading should be 
for mounting of pipes for sprinklers, cables, 

and similar equipments. However, only 
'VLJ'-'L.LVLJ are available (Kordina, 1993; Reuter, 1993) and 

questions are still open. 
study was performed in order to investigate the 

anchors subjected to fire in case of concrete 
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fire 

required minimum resistance 
under fire is 90 minutes (DIN 

at the concrete surface 

are strongly affected by 
compressive strength fc, tensile 

Ee decrease significantly 
seen from Fig.l, which 
as a function of tempe­

at a certain distance 
and Meyer-Ottens, 
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1 Degradation of concrete properties with 
(after Kordina and Meyer-Ottens, 

Material properties the microplane 

700 

separately on a final number of microplanes, ~.L~N.L.L,,~ 

10 

800 

tations within the material. The state of each microplane 
cribed by normal and shear strain components. The stress-strain 
relations are defined by exponential functions. 
functions are given as input data. macroscopical .L.L.L•..AJV,,., .. 

havior is an integral response of all microplanes. Material softening 
in tension based on nonlinear fracture mechanics is employed. 

The nonlocal concept with microcrack interaction 
in order to avoid sensitivity problems caused 

strain localization. In model opening the .L.L.L.L . ., ... ,_, ,, ... 

a certain place influences the microcrack development 
hood points in the normalizing volume. This volume is 

characteristic length, related to the concrete maximum aggre­
gate size and the finite element size. Microplane material ,__,~.~~.L- ...... " 
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case 
case temperature along 

,.,..,.,..,,..r, 0 ~'"'_._,_,__.. ....... ,.1-. material properties were 
of fasteners with 

mm was simulated by numerical analysis. 
concrete slab h was 300 mm for fasteners with 

....., ... .11. .... _,v'U..L.I. .... '-' .... ·'"" depths 40, 50 and 80 mm, and 900 mm for fasteners 
an embedment depth of 150 mm. 

behavior of an axisymmetrical part of the concrete slab sur­
fastener was modeled. The remaining structure was 

by appropriate boundary conditions. Loading was done 
displacements in the contact area between the anchor 
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Scheme 
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The failure 
to the value valid 

embedment 
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fire is considerably lower in the cold state due 
reduction of concrete tensile properties with increasing 

The difference decreases with increasing embedment 
an embedment depth of 40 mm, the remaining capacity 

223, for an embedment depth of 150 mm, the remaining 
is about 553 the value in the cold state. 

compressive stresses due to thermal expansion con­
( even if they are reduced due to service load on the slab) 

,,..,,.,..,'"'C''"' the remaining load bearing capacity of the fastener - for an 
depth 50 mm from 283 to 373 of the value in the 

state. On the contrary, the influence of the heat conduction 
fastener on the load is negligible. 

refinement finite element for the specimen with 
an depth mm has no on the failure 
as as on stress/strain distribution during the entire l.V~AA,L.J..1.l.):;:.. 

Therefore, the results from the analysis with the coarse 
are objective. 
comparison of load-displacement diagrams for an embed­
depth of 50 mm Fig.4 shows that the behavior of fasteners 

is more ductile, and the maximum displacements are 
the cold A similar behavior was obtained also for 

other embedment depths. 
concrete cone development in the cold and warm is 

in Fig.5. principal tensile strains at peak load 
at termination of the analysis are shown. Large tensile strains are 

5 

dark color. The large tensile strains represent the crack 
zone, conturing the concrete cone. By comparing the slope 
cones, it can be seen that at peak load the shape of the 

fire is smaller as in the cold This difference 
cone shape until failure. 

behavior of fasteners under fire can be succesfully modeled 
a non-linear analysis using the improved microplane model 

microcrack interaction. Satisfactorily accurate results can 
obtained using a relatively coarse element mesh. 

concrete cone load of fasteners subjected to is 
lower in the cold state due to a reduction of 

concrete tensile properties with increasing temperature. 
difference decreases with increasing embedment depth. 

1590 



60 

50 
l"""f 

pull-out 
x 

b..I 

-e 10 
tC 
c service load -

30 

ii.): 
~ ..... 20 
~· 
itl ,.....,, 
!lJ 
g: 

10 

40 50 60 70 80 90 180 110 120 130 140 159 

E~bedm:ent 

Fig.3 

ZS 

15 

5 

[m:mJ 

an 

1591 



FEMGEN/FEMVIEW 2.2-04 

ICOLDl 
~ 

Lx 

UNIVERSIT AT STUTTGART 

COLD 

FAILURE 

Lx 

27 DEC 94 

Fig.5 Distribution of principal tensile strains at peak load and at termination of the analysis, 
embedment depth 50 mm 
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• The behavior of fasteners under fire is more ductile and the ma­
ximum displacements are larger than in the cold state. 

• Under fire the diameter of the concrete cone is smaller than in the 
cold state. 

• The heat conduction of the fastener has no significant influence 
on the failure load. 

• Additional lateral compressive stresses increase the load carrying 
capacity under fire, especially for fasteners with a small embed­
ment depth. 

• Because the results of the analysis depend significantly on the 
assumed material properties, tests are urgently needed to allow a 
comparison of numerical and experimental results. 

• In practice, the concrete is often cracked and the crack widths in 
the interior of the slab will increase during fire. ·These cracks will 
influence the concrete cone failure load and the pullout capacity 
of cast-in-place and post-installed fasteners. Both effects were not 
modeled in the analysis. Therefore, much more research ( experi­
mental and numerical) is needed to fully understand the behavior 
of fasteners under fire. 
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