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. Intr n

MTO practice requires transverse prestressing along the full length at the top of cast-in-place post-
tensioned bridges of circular void and solid cross-section. Typical cross-sections of these structures are
shown in Figure 1. Very few structures have transverse prestressing along the bottom of the deck. The
top transverse prestressing is used to prevent longitudinal cracking due to shrinkage and the Poisson's
effect of the longitudinal post-tensioning forces. Ina number of existing post-tensioned bridges longitudinal
cracks have been observed along the bottom of the deck. This study was undertaken to determine the need
for transverse prestressing along the soffit of post-tensioned decks. The report summarizes the findings of
this study and makes recommendations regarding transverse prestressing of the soffit of post-tensioned

decks of either a solid cross-section or of a circular void cross-section.

2. Data Collection

Data regarding longitudinal cracks in post-tensioned decks was gathered by reviewing the condition
surveys for a number of post-tensioned decks and by field inspection where no condition survey was
available or incomplete. The study was limited to structures in Central Region. A total of 46 structures were
reviewed for the study including the following: 16 bridges with circular voids without transverse prestressing,
10 with circular voids with transverse prestressing, 10 with solid sections without transverse prestressing and

10 solid sections with transverse prestressing.

The crack data recorded for each structure is given in Figure 2, Section A. In addition to the soffit
crack data it was decided to record the data for the deck surface of any exposed post-tensioned decks.
The data for Section A of Figure 2 was taken from the deck surface and soffit deterioration drawings
included with the condition surveys or was obtained by field inspection. The "Extent of Longitudinal Cracks®

referred to in Figure 2 A. is a qualitative measure that was devised to give an indication of the degree of



cracking in the deck. The extent of cracking is indicated by such terms as "no cracking®, *minor cracking”,
"moderate cracking” and "severe cracking”. Severe cracking for circular void structures is indicative of a
deck with longitudinal cracks along the entire length of voids at the top or bottom of the voids. In the case
of solid section decks, severe cracking is indicative of longitudinal cracks running the full length of a span
and these cracks are usually concentrated in the centre of the width of the section. Photographs showing
examples of severe cracking are given in Figure 3. Minor cracking is indicative of a deck with a few random
longitudinal cracks . In circular void structures, these cracks may or may not follow the bottom or top of
voids. A deck with moderate cracking has a number of shorter length longitudinal cracks few of which
extend the full length of a span. These cracks follow the bottom or top of voids in circular void structures.
The total length of longitudinal cracking was available from each condition survey for both the top and
bottom of the deck but was not obtainable from field observations. The data collected for each structure
was input into a dBASE IV file. The drawings for each structure were also reviewed in order to identify some
factors which may affect the tendency to crack or the extent of cracking. A draft report by Sadler [1]
identified the following factors which affect the need for transverse prestressing. These are:

1. transverse shrinkage stresses

2. the uniformity of cross section across deck width

3. the uniformity of the substructure support system

4. the magnitude of longitudinal stresses due to p/s

5. edge distance and spacing of longitudinal tendons

6. stressing sequence of tendons

7. stress distribution at ends of deck.
The first 5 items above were included in this study. The stressing sequence varies from structure to structure
and is difficult to quantify for this type of study. The stress distribution at the ends was not included
because the end portions of the deck end spans are heavily transversely prestressed and these end portions
are usually sufficient to disperse the concentrated prestress forces at the ends. The various items recorded
from the tracings are given in Figure 2 B. The section uniformity affects stress concentration due to shear
lag which leads to higher longitudinal stresses and higher transverse stresses through the Poisson effect.
The section uniformity also affects the placement of longitudinal tendons uniformly across the width of the

deck to counteract any higher stresses due to shear lag. The substructure uniformity has a similar effect



as the section uniformity in that a structure supported on a single column will have stress concentrations
due to shear lag near the support whereas a structure supported uniformly across its width will not have
such a problem. However a uniform substructure could also lead to longitudinal cracks in that it resists
the transverse shrinkage of the deck resulting in transverse tensile stresses which cause longitudinal cracks.
This would be more significant in decks with small span to width ratios where the influence of the
substructure would be felt further along the length of the span. The average level of prestress was
calculated for each structure by assuming an effective prestress force after losses of 60% of the total
ultimate cable force and dividing this by the net cross-sectional area of the deck. The average net area of
the voided section was used for structures of circular void cross-section. If the average level of longitudinal
prestress is too high, higher transverse stresses are created which can lead to longitudinal crack formation.
This prestress level is more significant in structures with circular voids where the section over and below the

voids is quite thin and stress concentrations are present.

The drawing data was recorded on a sheet as shown in Figure 2 and then input into the dBASE IV
file. Some ratios were calculated using the dBASE IV file. These ratios included the deck width to maximum
cross-section depth, the maximum span to deck width (aspect ratio) and the void diameter to maximum
section depth. These ratios were identified in the paper by Sadler [1]. The void dia./depth ratio indicates
the reduction in effective cross-section which occurs due to the voids which will influence the tendency for
cracks to occur due to shrinkage and the Poisson effect. Anocther ratio that was calculated was the
proportion of the cross-section in which no longitudinal cables are distributed. This last ratio was obtained
by dividing twice the edge distance to the outside cables by the deck width and it indicates the uniformity
of the longitudinal prestressing across the width of the section. The dBASE IV data was used to identify any

correlation between longitudinal cracking and any of the factors listed above.



m Discussion of Findin
The data collected is given in Appendix A and is summarized and discussed below.
3.1 Circular Voided Decks without Transverse Prestressing

The data for the 16 structures in this group was obtained from condition surveys only. A summary
of the major findings is given in Table 1. Eight of the structures had moderate to severe longitudinal
cracking of the soffit with the remainder having none or only minor cracking of the soffit. Six of the
structures with longitudinal soffit cracks had an average level of prestress of 5.5 MPa or more. Six of the
8 structures with little or no soffit cracks had moderate or severe cracks in the deck surface and 4 of these
structures had an average level of prestress above 5.5 MPa. Therefore a total of 14 structures had either
top or bottom longitudinal cracks of a moderate to severe nature and of these, 10 had an average level of
prestress of 5.5 MPa or more. Of these 10 structures, 6 were uniformly supported and 9 had aspect ratios
greater than 2, so that the effect of transverse shrinkage was not as significant as if the aspect ratio were
less than 2. The 2 structures with no cracking or minor cracking had an average level of prestress below
5.5 MPa. The 4 structures with longitudinal cracks but an average prestress level below 5.5 MPa had aspect
ratios of less than 2 and were uniformly supported across their section widths at the piers. Hence in these
cases, transverse shrinkage was probably the predominate cause of longitudinal cracks instead of a high
level of prestress in these 4 structures. Incidently, 2 of these structures had a uniform distribution of
prestress throughout the section. A structure in which the longitudinal prestress cables are located within
B80% or more of the width of the cross-section was considered to have a uniform distribution of prestressing
cables. It is difficult to say what effect the section uniformity had on the crack formation. Eight of the 9
structures wﬁh_ uniform cross-section had moderate to severe cracking but other more significant factors
such as a high level of prestress were present. The void dia. /depth ratio was quite consistent at around 0.7

for all the structures examined so no comments can be made regarding this factor.



Therefore for this group of structures, the data collected shows that the level of prestress is the
primary cause of longitudinal cracks. The data indicates that a value around 5.5 MPa is the critical level.
An MTO research study by Csagoly and Holowka [2] on cracking of voided post-tensioned decks found that
4.1 MPa was the critical level. The 2nd edition of the Ontario Highway Bridge Design Code (OHBDC) [3]
and the Structural Manual [4] previously limited the average level of prestress to 5.5 MPa (0.16 x 35 MPa)
for circular voided decks. The 3rd edition of the OHBDC has increased this limit to 6.5 MPa (0.16 x 40
MPa) [5]. The level has been increased due to higher strengths in the order of 40 MPa which have been
routinely achieved for 35 MPa concrete mixes in the past. The combination of aspect ratio and sub-structure
uniformity also appear to contribute to longitudinal cracking as well. The data showed that structures with
aspect ratios less than 2 and which were supported uniformly across their widths tended to have longitudinal
cracking problems. It is thought that the restraint provided by the substructure against shrinkage in the
transverse direction is one factor contributing to these longitudinal cracks. The other factors considered
such as section and prestress uniformity may contribute in a secondary way by accentuating the primary

causes such as a high level of prestress.
3.2 Circular Voided Decks with Transverse Prestressing

Data for 9 of the 10 structures in this group was obtained from field inspection. A summary of the
major findings is given in Table 2. Seven structures had moderate to severe cracking of the soffit and 6 of
these 7 had an average level of prestress of 5.5 MPa or more and were uniformly supported with only 1
having an aspect ratio less than 2. The one structure which had moderate cracking with a level of prestress
below 5.5 MPa, had a span/width ratio close to 2 and it was uniformly su;ﬁpnrted. This one case may be
a borderline case and may explain the moderate level of cracking. Two of the 3 structures which had no
longitudinal cracking of the soffit had an average level of prestress above 5.5 MPa. These 2 structures also
had aspect ratios above 2.5 and they were not uniformly supported across the width of the cross-section.

Consequently the effect of transverse shrinkage should have been minimized and the level of prestress



should have been the main source of longitudinal cracks. Since these 2 structures do not fit the level of
prestress criteria, other factors, such as the actual strength of concrete achieved during the pour or the level
of prestress losses, may explain the absence of cracks. A higher strength concrete would mean a higher
tensile strength which would allow a higher level of prestress before cracks form due to the Poisson effect.
Higher prestress losses would mean that the effective prestress forces are less than the assumed 0.6fpu

which would result in lower levels of prestress, perhaps below 5.5 MPa.

In a majority of the cases for this group of structures, the data shows that the level of prestress is the
most important factor. The other factors of cross-section uniformity and void dia./depth ratio were
consistent among all the structures surveyed, so no comments can be made regarding the influence of these

factors for this group of structures.
3.3 Solid Section Decks without Transverse Prestressing

The data for 5 of the 10 structures examined was taken from condition surveys and the remainder from
field inspection. A summary of the major findings is given in Table 3. Five of the 10 structures had severe
longitudinal cracking of the soffit and one of the structures had moderate cracking in the deck surface. All
6 structures had width/depth ratios of 25 or more, aspect ratios less than 1.6 and all were uniformly
supported across the width of the cross-section. The 4 structures which showed little or no cracking of the
deck or soffit had width to depth ratios of 18 or less with 3 structures having aspect ratios of 2 or more and
2 structures were non-uniformly supported. It is interesting that the 2 structures which had a non-uniform
distribution of prestress did not show any signs of longitudinal cracks in both the deck surface and soffit
even though they were supported on non-uniform sub-structures. Hence the shear lag effect due to non-
uniform support conditions was not sufficient to induce cracks. The average level of prestress did not
appear to have an influence as the structures with severe longitudinal cracks did not have average prestress

levels different from those without cracks. All structures had uniform cross-sections and no comments can



be made regarding this factor for this group of structures.

It Is postulated that in this case, the main source of cracking Is the restraint against transverse
shrinkage provided by the uniform sub-structure. The effect is pronounced when the deck is relatively thin
compared to its width (width/depth ratios greater than 25) and the aspect ratio is low (less than 1.6). The
Structural Manual [4] requires that a refined method of analysis be carried out when the aspect ratio is 1.5
or less. Failure to do a refined analysis which would be reflected in the detailing could be an additional

factor contributing to crack formation.

3.4 Solid Section Decks with Transverse Prestressing

All data gathered for these structures was from field observations. A summary of the main findings
is given in Table 4. Four of the 10 structures had moderate or severe cracking of the soffit and 2 of these
had width to depth ratios of 25 or more and 3 had aspect ratios less than 1.6. All four were uniformly
supported across their widths. One structure had moderate cracking but had a width to depth ratio of
approximately 14 and an aspect ratio of almost 2. Only 1 of the 4 structures with longitudinal cracking had
a non-uniform distribution of longitudinal prestressing. As for the solid sections without transverse
prestressing, the average longitudinal prestress does not appear to have an influence on longitudinal crack
formation. All structures had uniform cross-sections so no comments can be made regarding this factor
for this group of structures. The use of transverse prestressing did not seem to aggravate the cracking in
the soffit as the proportion of structures with soffit cracks in this group of structures was not higher than the
proportion for the solid decks without transverse prestressing. It appears that similar factors as indicated

in section 3.3 above influenced longitudinal cracking in this group of structures.



Based on the above findings the following recommendations are made for the groups of structures

studied above:

4.1 Circular Voided Decks

1. The average level of effective longitudinal prestress can result in longitudinal cracks if it is too high. The
study found that a level of 5.5 MPa was the maximum that could be tolerated for 35 MPa concrete.
Higher average prestress could be allowed for higher strength concretes with the limit tied to the
strength of concrete. The expression 0.16xfc’ used in the 2nd edition of the OHBDC [3] seems

appropriate.

2. The combination of an aspect ratio of 2 or less coupled with uniform support conditions across the
width of the deck can result in longitudinal cracks due to transverse shrinkage of the deck. This should
be considered during the design phase and measures taken to alleviate or avoid this situation. For
example transverse prestressing of the deck may be used. If transverse prestressing is placed in the
top of the deck, the effect on the transverse stresses in the bottom should be considered. The use of
bearings which will accommodate the transverse shrinkage could be considered as well. Changing the
support configuration so that the entire width of the deck s not restrained or changing the aspect ratio
so that it is greater than 2 could also be considered during the design phase.

3. A number of circular voided decks which had no transverse prestressing did exhibit extensive cracking,
even at lower levels of average prestress. Hence there is some benefit in maintaining the requirement
of nominal transverse prestressing in the top slab especially for structures mentioned in 2. above.

4. One method of controlling longitudinal cracks in the soffit is to place transverse prestressing in the
bottom of the deck below the voids. This however may be difficult to implement in all cases in that
there may not be sufficient room to accommodate the anchors for the top and bottom transverse
prestressing. In addition, adding transverse prestressing to the soffit would counteract somewhat the
transverse prestressing in the top slab making it less effective and possibly resulting in more
deterioration of the deck surface which is more serious than deterioration of the soffit from a durability
point of view.

5. Further study of the problem of longitudinal cracking in circular voided decks is needed. A larger
sample of structures than investigated in this study would be useful in confirming the above findings.
A parametric study utilizing the finite element method would also provide further data to confirm the
above findings as well as aid in investigating some of the other factors which were mentioned in the
study, but for which insufficient data was available. The section uniformity and prestressing uniformity
are two factors which could be studied in this way.



4.2 Solid Section Decks

1.

In the case of solid section decks, the aspect ratio coupled with the uniformity of the substructure
appeared to have the most influence on the tendency for longitudinal cracks to develop. Uniform
support conditions across the width of the deck restrain the deck from shrinking transversely, resulting
in transverse tensile stresses and hence longitudinal cracks. In addition at an aspect ratio of 1.6 or less,
the assumption of the deck acting as a beam may not be correct and therefore a more refined analysis
should be carried out as recommended currently in the Structural Manual [4]. At the very minimum
nominal transverse prestressing should be used when the aspect ratio is 1.6 or less especially if the
supports do not allow or limit transverse movement. Any structures with an aspect ratio greater than
1.6 and a non-uniform sub-structure would not be as susceptible to cracking and therefore may not
need nominal transverse prestressing.

The usual practice for solid decks Is to place nominal transverse prestressing in the top. An alternative
which has been proposed by Sadler [1] is to place the nominal transverse prestressing in solid decks
in the centre. This would result in the same number of cables as if they were placed in the top but the
prestressing would benefit both the surface and the soffit of the deck.

Similar to recommendation 5 above for circular voided decks, additional structures should be surveyed
and a parametric study utilizing the finite element method should be carried out for solid section decks
as well.
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Table 1 - Factors Influencing Longitudinal Crack Severity in Circular Voided Decks without
Transverse Prestressing
Location Crack Average No. of Uniform Span/Width
of Cracks Severity Prestress Structures Sub-Struct. Ratio < 2
(MPa)
Top Moderate to Severe >/=55 4 1 1
<55 2 2 2
Bottom Moderate to Severe >/=55 6 5 0
< 55 2 2 2
Table 2 - Factors Influencing Longitudinal Crack Severity in Circular Voided Decks with Transverse
Prestressing
Location Crack Average No. of Uniform Span,/Width
of Cracks Severity Prestress Structures Sub-Struct. Ratio < 2
(MPa)
Bottom Moderate to Severe >/=55 6 6 1
< 55 1 1 1
Table 3- Factors Influencing Longitudinal Crack Severity in Solid Section Decks without
Transverse Presiressing
Location Crack No. of Uniform Width/Depth ~ Span/Width
of Cracks Severity Structures Sub-Struct. Ratio = 25 Ratio < 1.6
Top Moderate to Severe 1 1 1 1
Bottom Moderate to Severe 5 5 5 5
Table 4 - Factors Influencing Longitudinal Crack Severity in Solid Section Decks with Transverse
Prestressing
Location Crack No. of Uniform Width/Depth  Span/Width
of Cracks Severity Structures Sub-Struct. Ratio > 25 Ratio < 1.6
Bottom Moderate to Severe & 4 2 3

11



&S0,

Mon-Uniform Cross-section

NoO0OO0009S

Unitorm Cross-section

&) Circular Void Cross-sections

Non-Uniform Cross-section

Uniform Cross-saction
b.) Solid Cross-sections

Figure 1 - Typical Cross-Sections of Post-tensioned Decks Studied
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NDITION TA

R -TENSIONED DE
SITE #:
A.) Condition Survey Data
-Date Constructed:
-Date of Survey:
-Riding Surface (Asphalt or Exposed):

-Long. Cracks in Deck Surface (Y or N & Extent):
-Tot. Length of Long. Surface Cracks (m):

-Long. Cracks in Deck Soffit (Y or N & Extent):
-Tot. Length of Long. Soffit Cracks (m):

B.) Bridge Data Obtained From Drawings

-Cross-Section Type (Cir.,Rec.,Solid):
-Section Uniformity (Uniform or Non-uniform):
-Deck Width (m):

-Section Depth (m):

-Top Transv. Prest. (Y or N):

-Top Transv. Prest. Quant. (Size@Spacing):
-Bott. Transv. Prest. (Y or N):

-Bott. Transv. Prest. Quant. (Size@Spacing):
-Average Longitudinal Prestressing (MPa):
-Long. Tendon Uniformity (U or NU):

-Long. Tendon spacing (m):

-Dist. of Tendon from Ext. Edge (m):

-Max. Span (m):

-Min. Span (m):

-Sub-Structure Uniformity Transv. to Deck (U or NU):

Figure 2 - Data Input Sheets
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a.) Circular Void Cross-section

b.) Solid Cross-section

Figure 3 - Severe Longitudinal Cracking in Soffits
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APPENDIX A

Data Collected



Page Hao.
12r20/73

SURVEY OF LDMGITUDINAL CRACKING [M POST-TEWSIOWED DECKS

SITE & STREUCTURE WAME DECE
SYSTEM
-2 5T DAVIDS RD [NTERCH-BE WO 5 Cirvd
3r-ns RAMP E-5 OVER 2T BR. # 3 Cirvd
-mr Bl A7=TURNING ROADWAY E-M Cirvd
57-814 RAMP 5-E 401 OVER MUY 275 LINE Cirvd
Ir-822 HEHFORTH DE.OVERGDT(E.STRUCT) Cirvd
21-338 HWY 28 CVERPASS...ccvarannnnns Cirvd
Fr-21r MCCOWAN ROAD LMDERPASS SBL Cirvd
3T-80% WY 427 58 OVER EGLINTOM AVE,#3 Cirvd
yr-ane RAMP E=5 WWY &01 OVER EGLINTOW cirvd
w-a12 RAMP S-E 401 OVER EGLINTOM AVE Cirvd
Ir-210 VICTORIA PARK AVE USP (WOL) Chirvd
37-285 SPADIMA BR, W & RAMP TO 401 Cirvd
37-30% SPADINA BRIDGE F24& Chrvd
-3 HWY S00-£01 [NT B8R #5 SBL...... chrvd
I7-311 HWUY 400-401 INT RAMP BR #8..... Cirvd
r-33 HWY &00-401 INT. BR. # 11 Cirvd
10-281 HUY 403 U/P AT HWY 5 Cirvd
26-31% EGLINTOM AVE UNDERPASS W.B.L. Cirvd
2h-43% HWY 405 U'PASS AT MAVIS EBL Cirvd
18-19T WOUNTAIN WIEW RD. /P Cirvd
24-3a7 MISSISSALUGA ROAD UPASS/HWT 403 Cirvd
IT-69% WANDORF RGAD UMDERPASS Cirvd
10-312 JAMES SMOW PEY BR. AT &0 HEL Cirvd
26-3584 WY L03 USP WINSTON CHURCHILL Cirvd
24-385 ERIN MILLS PARKWAY L/P (SAL) Cirvd
37-982 HWY 427 USP AT REXDALE BLVD WEL Cirvd
37-295 SPADINA BR ML U/P Solid
3T-2% SPADINA BRIDGE #15 Solid
21=-32 CARANVILLE CK BR Sol id
3T-Ts HWY 2T RAMP TO Q.E.M. E.B. Solid
3T-Ba4 HWY 2T W8 S-E OVER EGLIMTOM... Solid
0= 144 MELSODM TWP BRIDGE FW 1 Solid
23-23 white's Creek Bridge Sol id
23-24 Beaverton River Br. on Cty Rd. 15 Solid
2325 Benverton River Bridge on Hwy 12 Solid
yr-293 EPADINA BR.F12 Solid
2h-438 CREDITVEW RD. UMDERPASS Solid
10-282 W=M RAMP HWY 403 UWDER E-NS RAMP solid
26-314 HUY 401 WBC OVER HEART LAKE RO salid
10-282 W=N RAMP WWY LO3/N SERYICE RD Solid
10-35% Q.E.W SB/HUY #4053 E RAMP Salid
26-331 WEART LALE WOAD OVERPASS Salid
26-532 HEART LAKE ROAD OPASS RAMP E-N Salid
2L -LAS WY &03 EBC OVER HEART LALKE RD Solid
10-280 HWY 405 U/P 3@ BUSKHAMTHORPE RD solid
26-316 HWY 401 EB OVER HEART LAKE ROAD solid

1"

RRRRERRERRREEE

DECK

SLRF
Exp
Exp
Exp
Eap
Exp
Exp
Exp
Exp
Exp
Exp
Exp
Asph
Asph
Asph
Aaph
Asgh
haph
Asph
Asph
Exp
Asph
Asph
Asph
Asph
Aspn
Asph
Asph
Asph
Exp
Exp
Exp
Asph
Asph
Asph
Asph
Asph
Asph
Asph
Asph

Asph
Asph
Asph
Asph
Asph
Asph
Asph

Toe

Yes

TOF TRAM. LOWG. ToP CRACK  BOT. LOWG, 8OT.CRACK  RECTION DECK SECT. VOID AVERAGE CODWC. LOWNG.TEM.
PRESTR. CRACKS SEVERITY TRAN. CRACKS SEVERITY (UMIFORMTT WIDTH DEPTH  DIA. LM.PRS. STR. UNIFORMTY
QUARTITY [N TOP PRST. 1IN BOT, (m} LLH (m} (HPa) [T
fes  Minor Mo Tes MWinar Won=Unfrm 14,34 0,742 0,473 &.500 35.0 Nen-Unfrm
Tes  Severe No Tes  Winor uniform ®.80  1.000 0.582 8,400 35.0 Mon-Unfrm
Tes  Severs Mo Yes Winor Uni form 11.28 1.220 0.%0 8.400 35.0 NencUnfram
Yes  Severe No Tes  Winor Unifors 16,45 0.914 0.585 4.400  35.0 Mon-Unfrm
Tes  Severs Ho Tes Hinor uniform 12.3 1.2 0,940 8.900 35.0 Mon-Unfrm
Yes Severe No Yes  moderats Uniform 16,70 0.622 0.356 4.300  35.0 Uniform
Tes  Severs Mo Yes Woderate  Uniform 1720 1.320 1.040 B.400 35.0 Nee-tnfrm
fes Moderate No [T Eone Unlfora 16.92 . 1.220 0.%0 T.000 35.0 Mon-Unfrm
o Wi Mo Ho Mone Uni fore 16.92 0910 0.4635 3.0 35.0  uniform
Yes Severe Mo M Mons unl farm 16,48 0,914 0,685 4,500 35.0 Son-Unfrm
Tes  Severs Ho Yes Severs don-Unfre 21.50 1.220 0.937 7.500 35.0 Mon-Unfrm
WA MSA [T Yeu Savere Non-Unfrm 9.00 1.370 0.937 T.M0  35.0 Men=Unfrm
Wik MK Mo Yes Severs Mon-Unfrm 12.80 1.3T0 0.937 6.800 35.0 Non-Unfrm
WA MfA Mo Tes  Severe Non-Unfrm 17.78  1.270 0.714 5.500 35.0 Mon-Unfrm
HiA MSA Mo Yes  Severs Hon-Unfrm  B.9% 1.2T0 0.914 5.500 35.0 Non-Unfrm
WA MFR No Yas Severs Unifora 26,08 1.2T0 0.91& 4,300  35.0 Uniform
4063, Thn L T Mo Yes  Moderate Uniform 14.80  1.143 0.B38 4,800 35.0 Non-Unfrm
L04a. Th2m L F P Ha Yes Moderate Uniform 14.91 1.526 1.9 T.000  35.0 Uniform
L0483, Pkm WK MfA Mo Yes  Moderate Uniform %28 1295 0.%e5 &.100  35.0 Men-Unfrm
1063, ¥1ém Ko Mo Ha Ho Hore Uni form P45 0PN DLE3T 5.900  35.0 Uniform
4063, Thim Ko LFY Mo Ha Mo Uniform 20,42 1,143 0,838 5.000 35.0 Mon-Unfrm
L0483, Th2m WA WSR L[] Ha Wone Unifora 11,58 1.370 1.070 G.400  35.0 Mon-unfrm
L0863, Fénm WA MSA Mo Yes Sevare uniform 1519 .87 1.05 &.500 35.0 MNen-Unfrm
4083, ia Kih MfA LE] Tes Severe Unifern 146,96 1.295 D.965 5.800 35.0 Mon-Unfrm
L06d.Te2m WA MSA Ma fes  Severs Uniform 15.26  1.346 1,040 5.400 35.0 Mon-Unfrm
L0463, Mém Kih MfA Mo Yes Severe Unifora 20.12 1295 0.990 6,400 35.0 MNon-Unfrm
WiA MSA Mo fes  Minor Uniform  13.72  0.742 0.000 5.400  35.0 Uniform
WiA MSA Ha fes  MWinor Uniform 11,98 0,742 0.000 5.400 35.0 unifors
Tes Mogerate Mo wo None uniform 14,20 0,394 0.000 4.800 35,0 Uniform
L1 Mone Ha Wo None Uniform 7.77 0,610 0,000 4.500 35.0 Mon-Unfra
No Hone Ha [T None uniform 7.77T  0.610 0.000 3.500  35.0 Mon-Unfrm
N/A MFA Wo Tes Severe Uniform 15.26  0.4610 0,000 1.400  35.0 Unifors
NiA MfA Mo Yes Severe Uniform  13.26 0.381 0.000 3.900 35.0 Uniform
HiA AR Ho Yes Severs Uniform 12,95  0.381 0,000  4.500  35.0 Uniform
[T O T Wo Yes  Severe Uniform  16.58 0,381 0.000 4,600 35.0 Uniform
/A Wik o Tes Severe Uni fare 19.60 0,762 0.000 4900 35.0 Unifors
L063.Ta2m  N/A MWSA Wo Ye:  Minor Uniform 14,71 1,020 0.000 5.400 355.0 uniform
L0463 . Pim N/A Hik o Tes Modgerate  Uniform 11.84 0.838 0,000 4,300 35.0 Unifors
2063, ¥4m LT T L5 Teu Moderate Uniform 20.73 0.762 0.000 3.800 35.0 uniform
40689 1im L P L 1] Mo L Ui form 20.17 0.438 0,000 &.000  35.0 Uniform
050, F0m L Y No L1 L Ui form 10.9%  0.850 0.000 2.800 35.0 won-Unfrm
2063, 45Tm M/A L L[] L1 Home Uniform 12.4% 0.762 0,000 &.900  35.0 Mon-Unfrm
20458.45Tm MK /A L 1] W Hone unifara 12.85 0.838 0.000 4,700 35.0 Uniform
204a1.00m  M/A /A Mo Ha None uniform 1350 0.900 0.000 2,700 35.0 WKon-Unfrm
&0da. bim Mik HSAL Mo Tes Severe Uni farm W86 094 0.000 S.200  35.0 Mon-Unfrm
2064, F14m MiA WPA L] Yes Severe uniform 20.73  0.T&2 0.000 3.800 35.0 Uniform

TEH.
SPAC.
(m)

000

320
550
o
520
B13

13-

58d

L. TEN.
ED.DIS.
im)
2.400
“3.000
1.900
2.640

1.0,

1.220
2.800
3.200
0.920
2.TT0
&, 600
2.240
2.360
2,450
2.490
2.400
2.330
1.260
2.TeD
0.990
2.6T0
2.540
2.650
2.T&D
.30
2.700
0,304
0.400
1.130
1.830
1.750
0.3

RAX,
P
Um)
5.8
.9
‘Wb

MIN.
SPAN
(m}

12.8
.9
27.%
19.8
28.9
10.0
36.0
18.3
15.2
4.8

28.0
.9
2.0
9.3
2.9
30.5

33.5
8.5
3.5
3.4
M.
B3
.2
B4
18.3
18.3

1.0

LA
17.0
10.0
.6
1.6
18.3
.0
14.0
0.7
15.2
12.0
1.6
15.2
16.0

10.7

SUBSTRUC,
U [ FORMTY

Ui farm
Hon-Unirm
Won-Unfrm
Uni form
Kon-Unfrm
i form
Ui form
U form
Won-Unfrm
Uni form
Uinii form
Kon-Unfrm
Unif farm
Ui form
uni farm
Unii form
uni form
Uinii form
Ui farm
Won-Unfrm
uni form
Hon-Unfrm
Uni form
Uni form
Uni form
Uni form
Uni form
Unifore
Ui form
NeneUnfrm
Non-Unfrm
Unifora
Uni fore
Uniform
uniform
Uniform
uniform
Uniform
uniform
unifors
Uniform
Unitern
uniform
uniforn
uniform
Uni form

SPAMS
DEPTH

3.2
29.900
52.45%
33.370
50.000
32.154
34,167

25 407
28.337
35.574
M.aT2
33.358
30.T09
30.70%
30.000

28,505
25.049
26,258
26.59T
25,839
27.273

27.637
27,104
3a.583
38,583
32.48T
26,230
22,459
39584
3,456
35.958
35.958
35.583
28,431
28. 043
2T.953
.07
23.Té5
27.953
25,618
FOR T
28,337
27.953

SPAN/  WIDTHS oI
WIOTH DEPTH  DIA.S

DEPTH
1.660 18.81% 0,423
5051 %.800 0,582
35N s 0.TTO
1.856 1T.99E 0.T4R
J.0a8  v.TIT 0.TED
1.542 23.95% 0.572
2.622 13.030 0O.7T8a
1.803 13.849 0.TTO
1.259 18.593  0.498
1574 18.009  0.T4R
2.01% 1T.A23 D.TéA
5.278 6.56F  0.684
35T0 PRI D.sBL
2,193 14.000 0.T20
433 T.079  0.T20
1.582 18.%81 0.T20
2081 12.%&8  0.TI3
2.4 9.TES 0,800
2.349 11.012  0.T45
2,540 10,339 0.690
1.48% 1T.B43 0,733
3.057 B.453  0.TB1
2.508 10.BT3 O0.T2T
2.262 11,537 D.T45
2641 10,322 0TS
1.T&5 15.537 D.Tés
2.3 18.005  0.000
2.430 14,672  0.000
0.901 36.041 0.00o
2.05% 12.738  0.000
1.763 12.738 0.000
1.575 26.984  0.000
0.%05 3&.B03 0.000
1.058 33.990 0.000
0.826 43.597 0.D0O
1.500 25.722 0.D00
1.735 16.382 0.000
1.985 14.129 0.000
1.027 2T.205 0,000
1.210 26.088  0.000
1.86:3 12.5% 0.000
1,684 16,601 0,000
1.684 15.09%  0.000
1.630 15.000 0.000
.30 2.T2f  0.000
1.027 2r.205 0.000

2xEl
oI
Full

e

ﬂPﬂﬂﬂDﬂﬂﬂDﬂ
ol == L b s R a

0.4

0.2
0.04
0.07
0.5
0.47
D.&5
0.05
0.04
0.04
0.03
o.07
0.200
0.8
0.4
0.0%
0.4Z
0.264
0.1%
0.3%
0.2
0. 14





