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CHAPTER 1 

INTRODUCTION 
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TYPICAL CROSS-SECTIONS OF EARLY SEWERS 

FIGURE 1.1 

(After Read, ref. 1) 



STAGE 1 
Mortar is eroded or attacked chemically. 

Visible defect: mortar loss. 

STAGE 2 
Loss of mortar between bricks allows joints to 

close causing inner ring of crown to "squat" and 

separate from outer ring. 
Visible defects: total mortar loss, deformation of 

crown, displaced bricks. 

STAGE 3 
Loss of compressive load on inner ring of bricks 
in crown allows bricks to be dislodged and fall 
causing progressive collapse of inner ring. 

Visible defects: missing bricks, bricks in invert. 

NB: this mechanism may occur in single ring 

sewers where the ground "arches" above the 
sewer, as well as in multi-ring sewers. 

FAILURE DUE TO LOSS OF BRICKS IN CROWN 

FIGURE 1.2 

(After W.R.C., ref. 2) 



STAGE 1 

Deterioration of mortar allows infiltration. 

Visible defects: mortar loss. Infiltration is rarely 

visible in the invert. 

STAGE 2 

Infiltration rate rises and brings in fine soil 

particles causing voids to form around sewer 

invert. 

Visible defects: mortar loss, sand in sewer, longi-

tudinal crack may be visible near water level. 

STAGE 3 

Deterioration of mortar and loss of support 

beneath sewer allows invert section to drop into 

void. Sewer loses structural integrity and side 

walls may drop or may be held by mortar or 

friction. 

Visible defects: as above plus fracture around 

water line, dropped invert, displaced bricks in 

walls, deformation, loss of level. 

DROPPED INVERT MODE OF FAILURE 

FIGURE 1.3 

(After W.R.C., ref. 2) 



STAGE 1 
Mortar loss allows infiltration which begins to 
wash in fine soil. 
Visible defects: mortar loss, infiltration. 

STAGE 2 
Voids or zones of low compaction form outside 
sewer walls allowing the sewer to "spread" at 
springing level, causing crown to crack and 

drop. 
Visible defects: deformation, crack at crown. 

STAGE 3 
Mechanism proceeds and fracture forms at 
crown as the springings continue to spread. 
Sewer develops "heart" shape and crown even- 	o 
tually collapses. 
Visible defects: deformation, heorting, fracture 

at crown. 

FAILURE DUE TO LOSS OF SIDE SUPPORT 

FIGURE 1.4 

(After W.R.C., ref. 2) 



CHAPTER 2 

NON-DESTRUCTIVE METHODS OF ASSESSING MASONRY STRUCTURES 
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FIGURE 2.1 

(After Bungey, ref. 6) 
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ULTRASONIC PULSE VELOCITY MEASUREMENT USING PUNDIT 

FIGURE 2.2 

(After C.N.S., ref. 89) 
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FIGURE 2.3 

(After Bungey, ref. 6) 
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(After Bungey, ref. 6) 
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PULL-OUT TEST (MASONRY) 

FIGURE 2.5 

(After Noland et al, ref. 8) 
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FIGURE 2.6 

(After Long, ref. 19) 
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PULSE-ECHO METHOD 

FIGURE 2.7 

(After Steinbach & Vey, ref. 22) 
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(After Noland et al, ref. 8) 
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FIGURE 2.9 

(After Rossi, ref. 26) 
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IMPULSE SHOCK TEST 

FIGURE 2.10 

(After Higgs & Robertson, ref. 37) 
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MECHANICAL ADMITTANCE RESPONSE CURVE 
FOR A CYLINDRICAL PILE 

FIGURE 2.11 

(After Davis & Dunn, ref. 23) 
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EFFECT OF BASE COMPRESSIBILITY ON RESONANCE FREQUENCY 

FIGURE 2.12 

(After Davis & Dunn, ref. 23) 



CHAPTER 3 

WAVE PROPAGATION 
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LONGITUDINAL ELASTIC WAVES IN A ROD 

FIGURE 3.1 

(after Das, ref. 59) 
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PROPAGATION OF A NON-DISPERSIVE STRESS WAVE 

FIGURE 3.2 
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APPROXIMATE THEORIES OF 
LONGITUDINAL ELASTIC WAVES IN A CYLINDER 

FIGURE 3.3 

(after Redwood, ref. 40) 
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FIGURE 3.4 

(after Morse, ref. 49) 
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PULSE DISTORTION IN A CYLINDRICAL ROD 

FIGURE 3.5 

(after Hsieh and Koisky, ref. 50) 
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END RESONANCES IN A CYLINDRICAL ROD 

FIGURE 3.6 

(after Oliver, ref. 52) 
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END RESONANCE MODE SHAPES IN A CYLINDRICAL ROD 

FIGURE 3.7 

(after Chan, ref. 30) 
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ELASTIC WAVE PROPAGATION IN A BAR WITH FREE ENDS 

FIGURE 3.8 

(after Prakash, ref. 58) 
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FIGURE 3.9 

(after Prakash, ref. 58) 



Medium 1 
	

Medium 2 
Pi C1 
	

P2 C2 

Incident waves 
	Transmitted waves 

,Reflected waves 

REFLECTION AND TRANSMISSION AT A MEDIUM BOUNDARY 

FIGURE 3.10 

(after Filipczynski, ref. 53) 
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(after Mirsky and Herrmann, ref.-55) 
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APPROXIMATE THEORY OF LONGITUDINAL WAVES IN A SHELL 

FIGURE 3.12 

(after Herrmann and Mirsky, ref. 56) 
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WAVE SYSTEM FROM SURFACE POINT SOURCE IN IDEAL MEDIUM 

FIGURE 3.14 

(after Woods, ref. 61) 
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CHAPTER 4 

ANALYSIS AND PROCESSING OF SIGNALS 

IN TIME AND FREQUENCY DOMAINS 
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FIGURE 4.1 
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FIGURE 4.2 

(after Thrane, ref. 64) 
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CHAPTER 6 

PRELIMINARY EXPERIMENTS 
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INVESTIGATION OF EQUIPMENT 
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EQUIPMENT - PHASE A: TYPICAL TEST RESULTS 

FIGURE 6.4 
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COLUMNS 

(ENHANCED SIGNAL PROCESSING AND ANALYSIS) 
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COLUMN 1: FIXED BASE 
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VELOCITY TIME RECORD 
COLUMN 2: 50 % MORTAR DEFECT 

FIGURE 7.20 
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