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CHAPTER 3 

CONSTRUCTION MATERIALS AND TESTING METHODS 

3.1 Introduction 

Many variations on the cement-dowel splice are possible and an exhaustive 

study into the perfonnance of each conceivable under various driving situations 

is impractical. Such variations include, but are not limited to, the depth of dowel 

embedment, type of epoxy to use, number and arrangement of dowels and possible 

stagger of dowel lengths. 

Due to time and fiscal constraints, only a limited number of variables 

examined; those deemed to be simultaneously most critical and least studied by 

previous research. With the assurance that the basic concept of a cement -dowel splice 

was tried and proven from both the research of Bruce and Hebert and the application 

of the Florida DOT, the variations to the splice that were considered consisted of 

dowel bar embedment lengths and staggering of those lengths. All else was held 

constant. 

The impact force originating from a hammer blow is generally the source of 

the largest axial stresses a pile experiences during its useful life. Therefore, these 

forces caused much of the concern when considering the strength of a spliced section 

which may be subject to additional driving. A splice design in which stresses disperse 

9 







15 

Table 3-2. Epoxy Engineering Properties Comparison 1 

Property Sikadur 31 Sikadur 32 

1 d. compressive strength 9.8 ksi 4.6 ksi 

7 d. compressive strength 12.0 ksi 10.3 ksi 

28 d. compressive strength 12.0 ksi 10.3 ksi 

compressive modulus (7 day) 390 ksi 200 ksi 

tensile strength (14 day) 3.6 ksi 5.8 ksi 

tensile modulus (14 day) 750 ksi 320 ksi 

viscosity gel 2,800 cps 

Note: 1 = Engineering data provided by Sika Corporation [8]. 
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Using the Pile futegrity Tester (PIT), the time necessary for a compression 

wave to travel two pile lengths was measured. This was accomplished by attaching an 

accelerometer to the end of a pile and striking that same end with a small (hand-held) 

steel hammer. 

The time between successive excitations of the accelerometer was the time necessary 

for the compression wave to travel down the pile and be reflected back from the free 

end. Piles were tested on their side under laboratory conditions. The wave speed, c, 

could then be determined, mowing the travel time, t, and the pile length, 1, from. the 

following equation: 

C=2L 
T 

By estimating the wave propagation speed through concrete, the length of pile 

over which the wave travels may also be determined. A reflection mealmred prior to 

the time necessary for a wave to travel twice the length of the pile indicates a change 

of impedance in the pile, such as a splice would cause. Figures 4-4 and 4-5 are 

representative traces generated by the PIT. The former shows the accelerometer 

response to the hammer blow with its fIrst reflection and the latter, an extended 

record. The clearest reflections from splices were generated by splices in which pile 

sections were not concentrically aligned or the splice was poorly made. A neatly 

constructed splice with piles in alignment returned little or no reflection from the 

spliced region. Figure 4-6 shows the PIT equipment and confIguration used. 
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directly powered by diesel fuel, but instead operated as a free falling drop hammer 

lifted by a crane. A maximum possible stroke was used in an attempt to maximize 

stresses. However, large driving stresses were not attained. 

The durability of the splice is another important concern. Splices could 

deteriorate under the repetitive loading condition experienced during driving. As only 

a few blows were applied to each pile in this study, conclusions concerning durability 

are not possible. 

Another concern during pile driving is related to bending in the pile during 

driving. Since the PDA strain gauges mounted on opposite faces of the pile to be 

tested, any differences between the two indicate bending. The PDA noted that some 

bending occurred in each test pile during driving, possibly due to misalignment of the 

hammer. 

Figures 4-2 and 4-3 are representative force verse velocity curves generated by 

the PDA during driving. Figure 4-2 represents a stiff soil driving condition and Figure 

4-3 a soft driving condition. Duration of the hammer blows coupled with short 

lengths of pile obscured possible reflections from the splice 

4.4 Splice Integrity 

Goble Rausche Likens and Associates, Inc. also developed a software package 

that could be used to determine possible incongruencies in piles and shafts without 

costly destructive test methods such as coring. This methodology utilizes the 

principles of small strain wave propagation and reflection in order to estimate 

homogeneity and/or length of specimens. 
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4.5 Conclusion 

In conclusion, it may be seen that the splice was not easily identified within the 

length of pile when using the PDA or the PIT. This may be due to the short length of 

the section or to the sound nature of the splice. Maximum tensile stress was seen to 

develop near the spliced region of a pile using predictions from GRLWEAP. Finally, 

wave speed through a spliced pile so nearly approximated that which would be 

expected from an unspliced section that identification of a splice in this manner was 

difficult. However, the lack of substantial reflections observed in small strain 

measurements points to the integrity of a cement-dowel splice and its conformity to an 

unspliced pile section. These observations are intended to provide a point of reference 

for evaluating future nondestructive testing measurements at a field site where integrity 

may be questioned (perhaps after extended hard driving stresses are imposed on a 

splice). 
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Table 5-1. Moment Capacity Comparison 

Section type Measured Pc Calculated Moment Capacity Tested Moment Capacity 
(ksi) (ft-kips) (ft-kips) 

Pile Numbers 1 - 7 6.70 148 145 

Pile Numbers 8 - 11 8.40 145 182 

Pile Numbers 12 - 15 5.30 140 188 

Reinforced Splice 5.001 1372 (See Table 5-2) 

Note: 1 = The concrete compressive strength used to estimate the nominal moment capacity of the splice 
was assumed to be the minimum as required in given pile specifications. 

2 = The splice was treated as a doubly reinforced concrete section in order to determine the I 

theoretical capacity. I 

~ 
w 
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Table 5-2. Flexural Test Results 

Splice moment to moment to failure Theoretical Dowel distance 
number crack epoxy crack pile moment Max Moment embedment to failure 

(ft-kips) (ft-kips) (ft-kips) (ft-kips) (in) crack (in) 

1 30 45 75 137 18 16.5 

2 42 60 78 137 24 23 

3 37.5 60 93 137 30 28.5 

4 45 45 50 137 15 & 21 18 

5 22.5 45 105 137 21 & 27 28.5 

6 30 52.5 130 137 27 & 33 30.5 

unspliced 7 n/a 120 145 148 n/a n/a 

8 25 57.5 70 137 27 &26 15 

9 25 50 49 137 36 &42 6 

10 25 50 70 137 45 &51 12 

unspliced 11 n/a 120 182 145 n/a n/a 

12 29 46 89 137 27 & 33 25 

13 31.9 58 138 137 36 &42 24 

14 38 58 122 137 45 &45 10 

unspliced 15 n/a 93 188 140 n/a n/a 

Notes: moment to crack epoxy = moment necessary to cause first crack; appeared in the splice. 

moment to crack pile = moment necessary to cause rlISt crack in the prestressed pile length. 

distance to failure crack = distance from the splice to crack where flexural failure occurred. 

failure moment = max. moment sustained by member. 
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testing. The dowels extended beyond the point loads on either side of the splice. 

Noting that failure occurred about midway between the splice and one loading point, 

and failure still occurred prior to achieving the unspliced moment capacity, widening 

the area of constant applied moment should have no bearing on the results of the test. 

Due to the low modulus of the epoxy, further increasing the embedment depth 

should not effect the capacity of the pile to resist moment. Figure 5-4, the plot of 

normalized moment verses average embedment depth, suggests a leveling out of 

strength gain due to increased embedment depth. 

The gages mounted on the unspliced end of the piles measured no slip in the 

prestressing steeL Any slip most likely occurred on the spliced end of the piles and 

was, therefore, unmeasurable. Figure 5-5 shows a representative failure mode· of the 

spliced sections. Note the cracks running longitudinally along the upper half of the 

pile. 

Though the moment capacity of a spliced section may be directly compared to 

that of the unspliced, applied moment vs. deflection curves may not. This is the case 

because of the different span lengths used in the testing procedure. Span lengths of 

spliced pile tests were longer than Spa.I).s of unspliced tests by about 8 feet. Graphs of 

moment verses deflection for each flexural test may be seen in Appendix A of this 

report. 
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Figure 5-5. Photograph of Crack Pattern, Pile Number 5 



CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

The cement -dowel splice proved to be an effective method for structurally 

joining prestressed precast concrete pile sections. Based on test results, the splice was 

able to withstand varied driving conditions and predictable flexural loads. The three 

splices constructed with the maximum embedment depths, averaging 30, 39 and 48 

inches, exhibited flexural strength which was about 90% of that calculated for the 

unspliced section. For 16 inch square concrete piles spliced with 4 number 10 

reinforcing bars, an embedment depth of 40 inches should be sufficient to develop the 

bars at the splice and produce the expected moment capacity [13]. For lesser 

embedment depths, full moment capacity was not achieved though a crushing failure 

was observed in some of the specimens. 

It is recommended, due to variability in materials and wor1ananship, that a pile 

extended with a cement-dowel splice should be expected to only resist 75% of the 

flexural moment capacity of an unspliced section. For every dowel embedment, 

failure occurred at a location along the pile 0.5 to 2.5 feet away from the splice. 

Therefore, the splice was always able to transfer sufficient moment to cause a failure 

in the pile. 
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pile receiving many blows may crack and degrade. Field observations of this 

circumstance are needed during initial splicing operations. 

When the spliced pile is intended to be driven, proper axial alignment of the 

two spliced sections is very important. If a splice is constructed without proper 

stabilizing supports, the upper pile may tend to lean to a side, thus skewing the 

section. Driving a pile in such a condition could cause major distress in the spliced 

region regardless of the dowel embedment depths. 

6.2 Further Research 

Several factors regarding the splice may require further investigation. Over a 

long period of time, the effects of weathering could become a problem. Water in 

joints or fissures between the concrete and epoxy could eventually lead to some degree 

of degradation of the bond and overall loss of strength of the spliced region. 

An investigation into the behavior of the splice under extreme driving 

conditions could also help to insure splice integrity. Only limited driving stresses 

were applied to the splices due to time and money constraints. A splice which shows 

no damage under normal driving con~itions could possibly fail if driving continued to 

refusal conditions. 
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12 - MacGregor, James G. Reinforced Concrete Mechanics and Design, 
Second Edition. Prentice-Hall, Inc. Englewood Cliffs, NJ. 1988. pp. 144 - 157. 

13 - ACI Committee 318, Building Code Requirements for Reinforced 
Concrete CACI 318-89), American Concrete Institute, Detroit, MI, 1989. 
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Figure A-6. Pile Number 6. 
Embedment = 30 inches, Mxnax = 130 ft-kips. 

4.0 



,..-.,. 
CI.l 
0.. 

:.;;;l 
I 

¢:: 
'-" 

~ 
S 
0 

~ 

,..-.,. 
CI.l 

~ 
¢: 
'-" 

'5 s 
0 

~ 

150.0 

100.0 

50.0 

150.0 

100.0 

50.0 

1.0 

60 

2.0 

Deflection (in.) 

3.0 

Figure A-9. Pile Number 9. 
Embedment = 39 inches, ~ = 49 ft-kips. 
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Figure A-lO. Pile Number 10. 
Embedment = 48 inches, ~ax = 70 ft-kips. 
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APPENDIXB 

BEAM CRACKING DURING FLEXURAL TESTS 

The cracking diagrams in Appendix B show all cracking and crushing of 

concrete for each flexural test perfonned. Each figure shows both sides of the beam 

being tested as per Table 5-2. Either the distance between cracks or between cracks 

and the splice are labeled. The figures are not to scale. 

The figures are numbered according to their coinciding pile designation 

numbers. The figure titles include the pile number, embedment of the dowels, and the 

maximum load sustained. 
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20" 18" 

Figure B-3. Crack Diagram for Pile 3. 
Unstaggered 30 inch dowel embedment. 
Failure at 94 tt·kips. 

13~ 21" 
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Figure B-4. Crack Diagram for Pile 4. 
Staggered 15 & 21 inch dowel embedment. 
Failure at 50 ft·kips. 
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Figure B-7. Crack Diagram for Pile 7. 
Unspliced section. 
Failure at 145 ft-kips. 
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Figure 8-10. Crack Diagram for Pile 10. 
Stage red 45 & S1 inch dowel embedment. 
Failure at 70 ft-kips. 
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Unspliced Pile Section. 
Faillure at 182 ft-kips. 
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Figure 8-14. Crack Diagram for Pile 14. 
Staggered 45 & 51 inch dowel embedment. 
Failure at 122 ft-kips. 
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Figure 8-15. Crack Diagram for Pile 15. 
Unspliced pile section. 
Failure at 188 ft-kips. 
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C) Drill holes receiving reinforcing dowels into pile A. 

• Hole diameter shall be 17/8 inches. 

• Drill depths as specified by the engineer. 

• A template shall be provided by the engineer to insure proper alignment and 

positioning of the drill. 

• A pneumatic drill or coring device approved by the engineer shall be used in 

such a way that no damage occurs to the pile or prestressing strand and the 

holes are properly aligned. In order to facilitate the drilling procedure, contact with 

the lift strand by the drill is to be avoided. 

• Holes shall be drilled a minimum of two inches deeper than the length of 

dowel specified to be inserted. In no case shall dowels bear on the concrete 

once piles are connected. 

D) The drilled dowel holes shall be cleaned by inserting a high pressure air hose to 

the bottom of the hole and blowing the hole clean from the bottom upward. If air 

pressure is insufficient to remove all debris, pressurized water may be used to flush 

the holes. However, standing water must be removed from the holes prior to insertion 

of the dowels and epoxy manufacturer's directions must be followed as per application 

to a moist surface if the concrete is not allowed to dry prior to epoxy application. The 

holes and the concrete surfaces to be joined shall be free" of oil, dust, water and other 

foreign materials. 
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I) Formwork shall be placed onto pile B such that epoxy will be contained in the 

void space between the piles once connected and such that any necessary support is 

lent to the piles while the epoxy cures. 

J) Once pile B is prepared and prior to the epoxy pot life expiration, pile A shall be 

positioned overhead so that the axes of the two sections are in concentric alignment. 

Pile A shall then be inserted into B such that the ends of the abutting sections are 

resting 1/2 inch apart. Steel spacers may be used provided the space between the two 

piles and contained by the formwork be completely filled with epoxy. 

K) The spliced sections shall be secured in alignment until the epoxy is cured in 

accordance with the manufacturer's directions for the time appropriate with the 

prevailing ambient temperatures. 

L) After curing is completed, alignment bracing and forms shall be removed and the 

spliced area shall be cleaned and dressed to match the pile dimensions. 

M) Allow for sufficient time in order that the epoxy may reach the necessary strength 

prior to continued driving. 


