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Abstract 

The fiberglass pole had revolutionized the Pole Vault event in Track and Field 

Athletics by immensely aiding performance levels in that event. Yet, a minor 

drawback of this pole is that occasionally it has broken during performance, 

causing potential injury to the athlete. Two types of breaks have been recorded: 

(1) A single break in the middle of the pole resulting in two pieces of nearly 

equal lengths; and (2) A double break, one near the middle of the pole, and the 

other approximately a quarter of the pole length from the top end, resulting in 

three pieces. These breaks are explained from physical and mathematical 

considerations. The breaks are caused by standing bending waves in the 

fundamental mode at the antinode locations where the curvature is maximum. 

The analysis is quite consistent with observation. 

 

1. POLE VAULT 

Pole Vault is one of the most spectacular events in Track and Field Athletics and 

probably the most difficult one to execute. It requires speed, strength, agility and 

acrobatic skills besides perfect timing to succeed. In this event, a pole is used as a tool 

to maximize the vertical jump of an athlete. The earliest poles were made from wood, 

followed by bamboo and aluminum [1]. The modern day fiberglass pole introduced in 

the early 1960s immediately revolutionized pole vaulting [2]. The world pole vault 

record increased from 4.80m prior to the advent of the fiberglass pole to 6.16m currently 

for a gain of 1.36m or 4’5½” [3]. The extra height achieved by the fiberglass pole is 

directly attributed to its ability to bend significantly as opposed to the conventional 

poles which remained more or less straight. This bending of the pole followed by its 

straightening allows for greater conversion of translational kinetic energy into vertical 

potential energy (which is proportional to elevation) [4]. It further allows the vaulter to 

make a handstand at the end to gain an extra height [1]. 

 

2. FIBERGLASS POLE BREAKING 

However, the advantages of the fiberglass pole are occasionally accompanied by the 

breaking of the pole during the vault resulting in potential injury to the athlete. Two 
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types of breaks have been recorded: (1) A single break in the middle of the pole 

resulting in two pieces of nearly equal lengths; and (2) A double break, one near the 

middle of the pole, and the other approximately a quarter of the pole length from the 

top end, resulting in three pieces. Examples of the two types of pole breaks are shown 

in Fig. 1 (from [5]). Incidentally, the top-notch male vaulters use 5.4m long poles, 

which are held by one hand at the top end and the other hand about 1m below. 

Consequently, in the second category of breaks, one break occurs in the middle and the 

other a quarter of pole length from the top, thus resulting in a 2.7m long piece and two 

1.35m shorter pieces. Videos of the two types of pole breaks are found in the Web [6]. 

Careful viewing of the videos will reveal that the first break occurs in the middle, which 

is immediately followed by the second on the top half. This sequence is captured by the 

two frames in Fig. 2 (from [6]). In this paper, we analyze the mechanism of pole 

breaking from physical and mathematical considerations. 

 

 

Fig. 1. Two types of pole break 
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Fig. 2. Breaking sequence of double pole break 

 

3. PHYSICAL MECHANISM OF POLE BREAK 

The mechanism of the fiberglass pole breaking is similar to the breaking of chalks 

falling in the classroom, which has been discussed in the literature [7, 8]. When a chalk 

falls to the floor, it tends to break into two or more pieces depending upon the height of 

the fall, with the number of pieces increasing with the height [7]. In a random fall, one 

end of the chalk hits the ground first. Bending (flexural) stresses generated propagate 

throughout the length of the chalk, producing standing waves. The fundamental 

harmonic is the most effective in producing the breaks [7]. In this mode, two ends of 

the chalk are nodes with an antinode in the middle. Stress levels are the highest at the 

antinode, producing breakage there – and the chalk is broken in half. The lower end 

settles to the ground and the upper end receives a recoil effect which propels itself 

upwards. If the latter gains enough height and lands with one end on the floor, then it 

too can break into two equal parts.  
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The pole breaking in a pole vault event follows a similar script. When the pole is bent 

to the maximum, the lower end is held by the pole pit and the upper end by the vaulter’s 

hand. Thus, both ends are nodes in the fundamental mode and the break occurs at the 

antinode in the middle. This produces the first break of the pole. Immediately following 

this break, the stress is released in the lower piece of the pole and it falls to the ground. 

However, if enough residual stress remains in the upper piece, which is still held by the 

vaulter, then that can undergo the second break. Thus, both types of pole breaking (the 

single and double breaks) are explained by this scenario. 

 

4. MATHEMATICAL ANALYSIS OF POLE BREAK 

Mathematically, the pole breaks where bending is the greatest, i.e., the curvature is the 

highest. In Cartesian coordinates, the curvature is expressed as (cf. [9]): 
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In the fundamental mode with the pole located between x = 0 and x = π, we have  

                                                                 xy sin                                             (2) 

Then first two derivatives are: 

                                                               x
dx

dy
cos                                            (3) 

and 

                                                          x
dx

yd
sin

2

2

                                            (4) 

 

Substituting in Eq. (1) gives: 
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The negative value of κ signifies concavity downwards. The conditions of maximum 

curvature are given by 0
dx

d 
 and 0

2

2


dx

d 
. By differentiating Eq. (5) twice, one 

gets: 
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The location of   extremum is obtained when the right hand side of Eq. (6) is zero. 

Since the second factor in the numerator of the right hand side cannot be zero, we must 

have  cosx = 0  or  x = π/2. Substitution of this value in Eq. (7) confirms that x = π/2  

indeed corresponds to a maximum of  . Hence the mid-point of the linear object is 

the location of maximum flexural stress and therefore breakage takes place in that 

location. 

 

5. REMARS 

It should be mentioned that not all linear objects break into equal halves in a single 

break. In fact, a random fracture of brittle objects usually produces pieces of unequal 

lengths. In a multiple fracture of brittle objects, the size distribution of the fragments 

tends to be exponential [10]. 
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