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1  Problems with the reinforced steel bar 

in Wenchuan earthquake disaster 

1.1  Performance of the reinforced steel bar 

in Wenchuan earthquake disaster 

The 2008 Wenchuan earthquake 

resulted in collapse of many buildings and 

loss of lives and personal injuries. It was 

found that the collapse of many structures 

was correlated to the failure modes, which 

were largely dependent on the reinforced 

steel bars used in the structures. Therefore, it 

is significant to examine the behavior and 

performance of various steel bars in 

Wenchuan earthquake disaster. 

Strictly speaking, the earthquake 

impact is not a force but a forced 

displacement. Therefore, the earthquake 

resistance is greatly affected by the 

deformability (ductility) of the structures. 

Most of the structures with brittle brickwork 

collapsed in the earthquake (Fig. 1), but in 

most cases the buildings with ring 

beam-column cracked but did not collapse in 

the earthquake (Fig. 2). The reason is that 

the ring beam-column structure benefited 

from the hot rolled steel bars with good 

ductility which generated a kind of 

hooping-restraint effect. As a result, the 

brickwork walls could suffer less deformation, 

thus exhibiting some extent of ductility.  

 

 

Fig.1 Brittle brickwork buildings without restraint 

effect collapsed in the earthquake 

 

  

 

 

 

 

 

 

Fig.2 Brickwork buildings with reinforced ring 

beam-column under hooping-restraint effect 

cracked but did not collapse in the earthquake 

 

For concrete structures, whether there 

will be a brittle failure or structure collapse 
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caused by fracturing of reinforced steel bars 

depends on mechanical properties of the 

rebars applied in the structure-primarily 

strength and ductility. Details will be 

discussed in the following. 

1.2 The brittle failure of cold finished 

reinforced steel bars 

The major reason for loss of lives and 

injuries in the earthquake was fracturing, 

disintegrating, and falling of fabricated floor 

systems in the brick and concrete structures. 

The fall of precast slabs is caused by 

collapse of supporting brick walls and 

disintegration of fabricated floor systems 

while fracturing of precast slabs is caused by 

the pulling-apart of the cold finished rebars 

due to their poor ductility once they are 

struck by falling objects.  Fig. 3 shows the 

fractured cold-drawn low-carbon wire 

concrete hollow floor slab. Though 

measures for structural connection have 

been taken to improve the integrity of floor 

systems and their anchorage connection with 

supports and cold rolled ribbed steel bars 

have been used as pre-stressed reinforced 

bars since the end of last century, disasters 

have not been avoided. Fig. 4 shows the 

fractured cold rolled ribbed bar concrete 

hollow floor slab. The precast slabs hanging 

in rows indicate that the integrity of floor 

systems and their anchorage connection with 

supports have been improved, but their 

fracturing shows poor ductility of cold rolled 

ribbed steel bars. Fig. 5 shows fractured cold 

rolled twisted steel bar stair treads . The 

inclined stairs suffered a kind of pullingï 

pressing force during the earthquake. The 

major reason for fracture of this structure is 

also the bad ductility of cold rolled twisted 

steel bars. 

In the era of underdeveloped economy 

and shortage of supply, cold finished process 

cold drawn, cold rolled and cold twisted) 

was widely used in our country to improve 

the strength of reinforced bars, thus saving 

their consumption. However, the limited 

increase of strength is at the expenses of 

decreasing ductility, which tends to cause 

brittle failure of bars. 

 

 
     

 

 

 

 

 

Fig.3 Fracture of cold-drawn low-carbon wire 

concrete hollow floor slab-falling  

 

 

 

 

 

 

 

 

Fig. 4 Fracture of cold rolled ribbed bar concrete 

hollow floor slab-hanging 

 
Fig. 5 Fracture of cold rolled twisted steel bar stair 

treads 
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Experiments and investigations indicate 

that: the overall elongation ratio ŭgt (uniform 

elongation ratio) of hot rolled steel bar 

HPB235 is about 20% under the maximum 

force, but down to about 2% after cold 

finished process. Substantial loss of ductility 

will cause brittle failure of steel bar even 

under a small deformation. This is the 

primary reason for the frequent fracture of 

structures using cold finished reinforced 

steel bars (destructive symbol 3). 

Especially for the pre-stressed 

reinforced steel bar, prior to being loaded, 

about 70% of its strength has been lost due 

to stretching . After being loaded, it is likely 

to lead to an unpredicted brittle failure as a 

result of limited capacity for stressïstrain 

increase and poor ductility 

(deformability-elongation) of the steel bars. 

Therefore, cold finished steel bars used as 

pre-stressed reinforced bars has not been 

documented abroad. In addition, 

redistribution of internal plastic force is 

based on the capacity for dramatic 

deformation (plastic strand) of the applied 

rebar; therefore, the applicability of cold 

finished reinforced steel bars is still in 

doubt. 

1.3  Collapse-resistant capacity of hot 

rolled steel bars 

Hot rolled steel bars HPB235 (Q235), 

HRB335 (20MnSi), HRB400 (20MnSiV) 

exhibit good ductility with uniform 

elongation ratio ŭgt exceeding 15% actually, 

much greater than the stipulated standards of 

10.0% and 7.5%. Therefore, even after the 

steel bars have yielded, the  potential for 

increase of strength and deformation is 

enough to prevent fracturing. Thus seismic 

capacity of the rebar structure is 

dramatically improved to avoid fracture of 

concrete structure and collapse of buildings. 

The investigations into Wenchuan 

earthquake disasters indicate that the hot 

rolled steel bars, though its strength not 

being so high, exhibited good seismic 

capacity.  Under the same circumstances, ie, 

repeated strong pulling-pressing force which 

resulted in fracture of concrete in the 

structures, the stair tread which used the hot 

rolled steel bars did not break, thus collapse 

was prevented. 

 

 

 

 

 

 

 

 

Fig. 6 Stair treads withstanding earthquake 

The concrete cross beam shown in Fig. 

7 used some hot rolled steel bars. After the 

supporting brick walls had collapsed, the 

cross beam was still under loading force 

without fracture or collapse. There are two 

earthquake hit buildings shown in Fig. 8 and 

Fig. 9. Some hot rolled steel bars were 

introduced in the ring beams, and 

continuous reinforced bars without lap joints 

were anchored at the support. Therefore, 

when the lower structure  collapsed without 

support, in spite of great deformation of the 

structure, the ring beam still under loading 

force in the form of ñsuspension wireò and 

ñsuspension beamò did not fracture or 

http://dj.iciba.com/thus/
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collapse. These are examples of the beam 

ïtie bar model, suspension wire ïtie bar 

model, and suspension beam ïtie bar model. 

From the above examples, it can be found 

that the hot rolled steel bars with good 

strength and ductility played an important 

role in collapse resistance when the structure 

was under great deformation during the 

earthquake. 

 

 

 

 

 

 

 

 

Fig. 7 Collapse-resistant model of beam-tie bar 

 

 

 

 

 

 

 

 

Fig. 8 The collapse-resistant model of suspension 

wire ï tie bar 

 

 

 

 

 

 

 

 

Fig. 9 The collapse-resistant model of suspension 

beamï tie bar 

A partly collapsed brick and concrete 

structure is shown in Fig. 10. It can be found 

that the brickwork structure fractured and 

collapsed, but the hot rolled steel bars 

embedded in the ring beam were still 

unfractured. This phenomenon can be found 

everywhere in earthquake-stricken region 

which indicates that the hot rolled steel bars 

enjoy very good ductility. 

 

 

 

 

 

 

 

 

Fig. 10 Unfractured hot rolled reinforced steel bars 

in the collapsed structure 

1.4 The restraint effect of hooping steel bars 

The hooping-restraint effects of the 

reinforced ring beam-structural column on 

the seismic capacity of the masonry 

structure are discussed above (Fig. 2). 

Similarly, the reinforced hoop can improve 

seismic capacity of concrete columns. The 

ground column of a high rise building is 

shown in Fig. 11. Thanks to repeated 

impacts from the earthquake, the concrete at 

the foot of column had been cracked and 

broken. However, due to hooping-restraint 

effect of dense reinforced hoops, the 

concrete was broken but did not fall apart. 

Therefore, in spite of great loading from the 

upper structure, the column did not overturn 

or collapse. However the hoop with 

hooping-restraint effect was pulled apart as a 

result of great loading force. 
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There were quite a many vertical 

reinforced steel bars in the column shown in 

Fig. 12, but there were not enough 

reinforced hoops to restrain the center 

concrete effectively .The concrete cracked 

and broke in the earthquake and its 

fragments without hooping-restraint were 

disintegrated and fell apart. As a result, 

columns without support crushed. Crush of 

ground columns is likely to cause collapse 

of concrete framework (Fig. 13). 

Fig.11 The restraint concrete was broken but did 

not collapse 

Fig.12 The concrete structure without restraint 

collapsed 

 

Fig.13 The frame collapsed due to collapse of 

ground column 

In traditional concept, the reinforced 

hoop was used only to fix vertical bar and 

bear shearing force, Therefore, only steel bar 

with low strength was used. However, 

experiments and investigations into 

earthquake disaster indicate that the hooped 

steel bar with hooping-restraint effect can 

greatly strengthen the supporting capacity 

and ductility (deformability) of the column. 

It acts like loose sands, which will generate 

a kind of resistant force after being put into 

a can and compacted. It is a new trend to 

develop concrete structure with greater 

seismic resistance by making use of the 

hooping-restraint steel bars, and new 

requirements for steel bars are put forward 

accordingly. 

2  The failure mode and safety of 

concrete structures 

2.1  Failure criteria of concrete structures 

There are strict definitions for failure of 

concrete structure resulting from lack of 

bearing capacity. The failure criteria and 

mode of concrete structures are listed in 

Table 1. The structural properties are 

identified based on these criteria during 

experimental research, and these criteria also 

serve as the design basis for concrete 

structures. There are three modes of 

structural failures: ductile, inductile, and 

brittle. Different modes generate different 

results.  

It should be noted that: the ñBrittle 

failureò (criteria 3, 12, and 14) is correlated 

to the interruption of force transfer caused 

by fracture of bar and failure of anchorage 



-  22 -   Proceedings of International Seminar on Production and Application of HIgh Strength Seismic Grade Rebar Containing Vanadium  beijing China  

and joint. And the deflection and crack 

width of ñductile failureò (criteria 1, 2, and 9) 

are correlated to the deformability of the 

steel bars. 

Table 1  The failure criteria and mode of concrete structures 

 

2.2  The failure mode and safety of 

structural components 

The ñductile failureò is characterized 

by excessive deformation (deflection) and 

cracks of the structure, which will generate 

adverse effect make users unconfident. But 

there is still a long way toward 

disintegration and collapse of the structure. 

The ñBrittle failureò happens suddenly, 

which grows rapidly without distinct signs 

resulting in fracture and collapse of  

structures. Theñ inductile failureò is between 

the two modes mentioned above, which 

grows rapidly, but there is a certain length of 

time before it develops to the failure mode. 

It is usually characterized by distinct cracks, 

breaking down, and excessive deformation 

of concrete, and generally will not cause 

fracture of structures and collapse of 

buildings. 

In recent years, there have been many 

accidents resulting in fracture of structures, 

Status No failure criteria Failure mode  

bent and  large 

eccentrically loaded 

1 The bending defection has reached 1/50 of the structure span. Ductile 

2 The width of crack at the tensioned main bar has reached 1.50 mm. Ductile 

3 The tensioned main bar of the structure has fractured. Brittle 

4 The concrete at the bent and loaded area has broken. Inductile 

Under shearing force. 

5 
The width of inclined crack at the web of structural component has 

reached 1.50 mm. 
Inductile 

6 The concrete at the end of inclined crack has broken. Inductile 

7 
The concrete along the inclined section of structural component has 

cracked and broken. 
Inductile 

8 
Sheared cracks appear along the superposed and joint parts of the 

structure. 
Inductile 

Under twisting force. 9 
The width of inclined crack at the web  of  structural component  

has reached 1.50 mm. 

 

Ductile 

Under punching force. 10 
Ring cracks appear at the top and bottom of the punching cone 

surface. 
Inductile  

loaded 11 The concrete of the loaded structure has cracked and broken. Inductile 

Anchoring and connection 

12 
The tensioned main bar has slipped at the end, or the other kind of 

anchorage has failed. 
Brittle 

13 
The tensioned main bar has slipped at the joint, and its force transfer 

has failed. 
Inductile 

14 
The tensioned main bar has fractured at the welding and mechanical 

joints, and the force transfer has been interrupted.  
Brittle 
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which led to disintegration and collapse of 

buildings, loss of lives and properties. Much 

attention has been paid to the influence of 

the whole structure stability (Rubustnees) on 

safety. In addition, further research on 

performance of structural materials 

(especially ductility) and failure modes of 

structures is in progress. 

2.3  Strength and ductility of materials 

Concrete is a kind of brittle material 

which can not bear pulling force but 

compressive force, being easy to crack, 

break and fracture. All pulling force is born 

by reinforced steel bars. It is the 

hooping-restraint reinforced bars that enable 

the concrete structures to bear all kinds of 

loadings and internal forces. Therefore, 

mechanical properties of reinforced bars 

have decisive influence on the performance 

and failure mode of concrete structures. 

Much importance has been attached to 

the strength of reinforced steel bars in 

traditional structural design, and the yield 

strength has been considered as design basis 

of strength. However, investigations into 

structural collapse in recent years show that 

ultimate strength ft and the overall 

elongation ŭgt under maximum stress, 

namely ductility (deformability) of 

reinforced steel bars also have important and 

direct impacts on the safety of the structure. 

Yielding of reinforced bars can only lead to 

excessive deformation of the section, and 

even possibly function as plastic strand to 

support the structure without fracturing. But 

fracture of steel bars may cause 

disintegration of structures, which usually 

gives rise to collapse of building.   

2.4 The restraint effect of hoop on concrete 

In traditional concept, only the strength 

of concrete under uniaxial stress is taken 

into account. Actually, the concrete is 

always under multiaxial stress in 

engineering practices. Researches on 

concrete mechanics in recent year indicate 

that: if side pressure in triple axial stress is 

considered, the compressive strength of 

concrete will substantially increase, while 

the ductility (deformability) will be 

improved. For example, when the side 

pressure is 0.1, o.2 and 0.3 of axial force, the 

strength of concrete will increase 1.8, 3 and 

5 times respectively (see Fig. 14). 

  

Fig. 14 The stress and strength of concrete 

If the concrete column is not hooped, 

the column will be squashed quickly under 

the axial pressure. When the reinforced hoop 

is used, the lateral expansion (the Poissonǋs 

ratio) caused by axial pressure will be 

resisted by the hoop. The core concrete is 

under triple axial stress, thus the resistance 

(strength and ductility) will increase 

dramatically (Fig. 15). This is the reason 

why many hooped columns cracked but did 

not collapse in the earthquake. 

 

 

 

Fig. 15 The mechanism of hooping ï restraint 

effect of hooped concrete column  


