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DOCUMENT CONTROL NUMBER: PACKAGE NUMBER: ---
DESCRIPTION: SEGMENT 5- CULVERTS AND BRIDGES REVIEW TYPE: FINAL 

21, 22, 23, 24A, 24B & 25 

ITEM DWG. OR 
No. ITEM No.(1) COMMENTS 

- - - Burke (Park) Lane Culverts 

1 V-2034, A. Consider modifying Note 2 to read" ... BY 
#1 CONTECH FOR THE CATEGORY 1B STRUCTURE ... 

AND HORIZONTAL DIRECTION IS THEREFORE RE-
QUIRED PER THE GEOTECHNCIAL ENGINEER .. " 

B. Quantities- Should the FD Granular Borrow just be 
Granular Borrow as per Note 2? Or is FD-GB used 
someplace else? 

2 V-2034, With this being a "Category 1 B" structure, what does this 
#2 "No.1" structure number mean? 

3 1-003 & This (required minimum) bearing capacity for the 
1-004 Category 1 B structure of 2000 psf seems to conflict with 

the 2700 psf value shown in Note 2 on sht V-2034, #1. 

4 G Since we're not building a Swiss watch, it would be better 
to round the metric bearing capacity values to the 
nearest whole kPa. 

(1) Indicate drawing no.lpage no. or use "G" for general comment. 
(2) To be filled out by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

Page 1 0[5 

CODES: 

A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

B. DESIGNER WILL EVALUATE. 

C. DELETE COMMENT 

D. DEPARTMENT TO EVALUATE. 

E. So NOTED (NO RESOLUTION REQUIRED). 

REVIEWER: J. HIGBEE DATE: 10 -18 - 04 

DISCIPLINE: GEOTECHNICAL CRM: - - 04 --

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the Design/Builder's designs. However, it is 
the Design/Builder's responsibility to determine what action is necessary to 
resolve those issues in accordance with the contract. 
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Ii UTAH DEPARTMENT OF TRANSPORTATION 

~-~::~:: OVERSIGHT REVIEW 
~ 'f.~8 

COMMENT AND RESOLUTION SHEET . 
~PARKWAY 

<J:)a:v;sC""'''t;)' 

DOCUMENT CONTROL NUMBER: PACKAGE NUMBER: •• -
DESCRIPTION: SEGMENT 5· CULVERTS AND BRIDGES REVIEW TYPE: FINAL 

21, 22, 23, 24A, 24B & 25 

ITEM DWG. OR 
No. ITEM No.(1) COMMENTS 

5 00-012 & Note 2: What do these 4000 psf minimum soil bearing 
00-019 pressure references mean (related to comment #3) ? 

6 00-019 The Project already has a spec for Select Backfill (for 
MSE walls). To avoid confusion, can it be used instead? 

-- Bridge 21 

7 6 As per the final disposition of my comment #3 (follow-up 
from comment #9 of the level 2 submittal), the pile tip 
elevations were to be raised. 

8 Vol 2- A. The volume #'s shown on the 2 table-of-content 
Ind. Chk pages were apparently mixed up (1 vs. 2). 

Calcs B. Were independent check calcs performed for the 
lateral pile analyses? If so, I could not find them. 

-- Bridge 22 

9 Level 3 Re my comment #2: A "C (Delete Comment)" code with no 
Supl written response is not an appropriate resolution for the 

Com's issue of excessive distances between the explorations. 
Probably should treat it as bridges 158 & 178 stating that 

(1) Indicate drawing no.lpage no. or use "G" for general comment. 
(2) To be filled out by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

Page 2 of5 

CODES: 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 
B. DESIGNER WILL EVALUATE. 
C. DELETE COMMENT 
D. DEPARTMENT TO EVALUATE. 
E. So NOTED (NO RESOLUTION REQUIRED). 

REVIEWER: J. HIGBEE DATE: 10 -18·04 

DISCIPLINE: GEOTECHNICAL CRM: . - 04 --

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the Design/Builder's designs. However, it is 
the Design/Builder's responsibility to determine what action is necessary to 
resolve those issues in accordance with the contract. 
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II UTAH DEPARTMENT OF TRANSPORTATION ,.,,;,1',.1 

S \~,.r,;~, 

OVERSIGHT REVIEW , 
• 
'" COMMENT AND RESOLUTION SHEET 
, 
~PARKWAY 

'O<.vi.<C",,"'Y 

DOCUMENT CONTROL NUMBER: PACKAGE NUMBER: ---

DESCRIPTION: SEGMENT 5- CULVERTS AND BRIDGES REVIEW TYPE: FINAL 

21, 22, 23, 24A, 246 & 25 

ITEM DWG. OR 

No. ITEM NO.(1) COMMENTS 

the additional borings are at least advisable in order to the 
confirm the design assumptions. 

10 Vol 1- A Please provide the final soil input values that were used 
here (Bent 3 as well). See Section B- Analysis Input for 
revised tables. 

11 Vol 1- B. A. P. 29: Please provide this confirmation from Wall 
Analysis Supplier concerning the assume 50% reduction 

Input in soil stiffness for piles near wall face. 

B. P. 30: It is a bit disconcerting to see this 
correspondence that talks about sleeving to 
prevent downdrag on the piles, when it was 
subsequently eliminated. Please provide follow-
up correspondence that discusses the final 
resolution on this. 

-- Bridge 23 

12 Level 2 Re my comment #5: Should probably treat the issue 
SubStr with Bent 2 explorations as for item #9 on Bridge 22. 
Com's 

(1) Indicate drawing no.lpage no. or use "G" for general comment. 
(2) To be filled out by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

Page 30[5 

CODES: 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 
B. DESIGNER WILL EVALUATE. 
C. DELETE COMMENT 
D. DEPARTMENT TO EVALUATE. 
E. SO NOTED (NO RESOLUTION REQUIRED). 

REVIEWER: J. HIGBEE DATE: 10 -18 - 04 

DISCIPLINE: GEOTECHNICAL CRM: - - 04 --

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the Design/Builder's designs. However, it is 
the Design/Builder's responsibility to determine what action is necessary to 
resolve those issues in accordance with the contract. 
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Ii UTAH DEPARTMENT OF TRANSPORTATION 

f.!:iii~ OVERSIGHT REVIEW 

COMMENT AND RESOLUTION SHEET . 
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DOCUMENT CONTROL NUMBER: PACKAGE NUMBER: ---
DESCRIPTION: SEGMENT 5- CULVERTS AND BRIDGES REVIEW TYPE: FINAL 

21, 22, 23, 24A, 24B & 25 

ITEM DWG. OR 
No. ITEM NO.(1) COMMENTS 

- - Bridge 24A 

13 Level 3 Re my comment #1 (referencing comment #4 of the 
Com's Level 2 submittal): I understand the uniqueness of 

design-build process and FAK's recognition of the need 
to make field adjustments. My main concern is that 
UDOT avoids extensive claims for changed conditions 
levied by the Phase 2 D/B, especially with respect to 
FAK's surprising submission of a changed subsurface 
conditions claim for a far less substantive issue in this 
Segment 5 area. 

-- Bridge 24B 

14 Level 3 Re my Level 3 comment #1-B: As per our CR mtg and 
Com's & A-Final Disp., the excessive amount of Jiquefaction-
Seismic induced settlement was to be discussed in the final 
Design Seismic Design Memo. 
Memo 

(1) Indicate drawing no.lpage no. or use "G" for general comment. 
(2) To be filled out by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 
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CODES: 

A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

B. DESIGNER WILL EVALUATE. 

C. DELETE COMMENT 

D. DEPARTMENT TO EVALUATE. 

E. So NOTED (NO RESOLUTION REQUIRED). 

REVIEWER: J. HIGBEE DATE: 10 -18 - 04 

DISCIPLINE: GEOTECHNICAL CRM: - - 04 --

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the Design/Builder's designs. However, it is 
the Design/Builder's responsibility to determine what action is necessary to 
resolve those issues in accordance with the contract. 
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DOCUMENT CONTROL NUMBER: PACKAGE NUMBER: ----
DESCRIPTION: SEGMENT 5- CULVERTS AND BRIDGES REVIEW TYPE: FINAL 

21, 22, 23, 24A, 24B & 25 

ITEM DWG. OR 
No. ITEM NO.(1) COMMENTS 

-- All Bridges 

15 Pile As indicated in previous submittal comments and discussions, I 

Design feel that the minuet "Estimated Pile Tip Settlement" values (as 

Summary shown in all of the Pile Capacity Summary tables) are 
misleading. The values shown are apparently based on the 

tables results of short-term pile tip displacement for a pile load test 
conducted in this general area; when instead we were expecting 
to see the estimate of long-term settlement for the pile 
foundations. As per my previous comments for other bridges, if 
the UniPile settlement analyses are available for these bridges, 
they should be provided in these final design packages. 

16 Pile Headings on the pile response summary graphs would 
Analyses be useful, including identifying the loading conditions for 

the specific cases presented. 

17 Ind. For the Independent Check Calculations, I don't feel that the 

Check intent of having indo calculations has been met when not only are 

Calcs the same (or very similar) soil input values used, but probably 
also the same computer input files (with probably only slight 
modifications ). 

(1) Indicate drawing no.lpage no. or use "G" for general comment. 
(2) To be filled out by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

Page 5 of5 

CODES: 

A. ACCEPT COMMENT -WILL BE CORRECTED, ADDED, OR CLARIFIED. 

B. DESIGNER WILL EVALUATE. 

C. DELETE COMMENT 

D. DEPARTMENT TO EVALUATE. 

E. So NOTED (NO RESOLUTION REQUIRED). 

REVIEWER: J. HIGBEE DATE: 10 -18 - 04 

DISCIPLINE: GEOTECHNICAL CRM: - - 04 --

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the Design/Builder's designs. However, it is 
the Design/Builder's responsibility to determine what action is necessary to 
resolve those issues in accordance with the contract. 
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PI\GE n Of \0 

~N 
CODES: L (v t{ Fi ..... r J'"I-, l%lt 

UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, 01\ CLARIFIED. 
B. DESIGNER WILL EVALUATE. 

~!t~~ OVERSIGHT REVIEW C. DELETE COMMENT 

~ .. COMMENT AND RESOLUTION SHEET 
D. DEPAI\TMENT TO EVALUATE. 

\,; 1' ,\ II ~.~~;,~ .~: E. So NOTED (NO RESOLUTION REQUIRED). , 

DOCUMENT CONTROL NUMBER: 3141 & 3142 PACKAGE NUMBER: 5·BR·22 REVIEWER: J. HIGBEE DATE: 4 - 11 ·02 

DESCRIPTION: BRIDGE 22 LEVEL 3 REVIEW TYPE: RFC 

ITEM DWG. 

No. NO.(11 COMMENTS 

1 Revised Most of my suggestions made to the memo were 
Geotech incorporated in this 11/01/01 revision, which is 

Memo appreciated. 

However, if it is not desired to indicate that the memo 
covers only liquefaction concerns, then in future memos, 
consideration should be given to indicate that pile 
design, abutment embankment settlement, and other 
geotechnical concerns were performed, with a brief 
summary given; or that those results are presented 
elsewhere. 

2 Revised P.2, lSI par: I see only 8 borings and 2 CPT's (both on 
Geotech the Expl. Location Plan, and on the "Borings Used for 
Memo Soil Profile" chart on the Pile Summary table . 

3 5 I would still like to indicate that the Exploration Location 
Plan sheets are not as informative as they could be. 1\ 
would be nice to at least show the proposed walls and 
embankments; but as a minimum, we understood that 
the locations of the bridge abutments and bents would 
be shown. 

(1) Indicale drawing no.lpage no, or use "G"lor general commen!. 
(2) To be Iilled oul by OesignIBuilder, 
(3) To be delermined in subsequenl commenl resolution meeling/discusslon (lisl dale), 

CRM 4/22/02 

DISCIPLINE: GEOTECHNICAL PAGE OF 3 -

CODE(21 RESPONSE(21 FINAL DISPOSlTlorPI 

C The structural memo provides the A 
necessary info for structure design. Will mention pile 
Roadway embankment design in 
seltlemenVstability etc. are introductions 011 
addressed separately in another future memos. 
memo. The final report will combine 
all of these. 

A Initialed correction. A 

A Will show abutment and bent A 
locations. 

Nole: The inlended use ollhis lorm is 10 provide a means lor Ihe Oerarlmel1llo r(li se 
issues or concerns associaled wilh Ihe Oesignl8uilder's designs. However . il i~ 
Ihe OesignlBuilder's responsibility 10 delermlne whal aclion is necessary 10 
resolve Ihose Issues in accordance wilh Ihe conlract. 

C:\DCHURCH\MY OOCUMENTS\LEGACY\COMMENTS\8n22\8R22 LEVEL3 UDOTCOMMENTS APRIL 102002 nor, .1117.01 



I\GE 9 OF Hl 
. 

g~ 
CODES: 

~~ UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WIll8E CORRECTED, ADDEO, OR Cll\R1f1ED. 
8. DESIGtIER WILL EVALUATE. 

~tt: OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

~I ' .\UK"' I\'" E. So NOTED (NO RESOLUTION nEQUIRED). 
~ ... .. 4 ...... . ~ 

~ 

DOCUMENT CONTROL NUMBER: 3141 & 3142 PACKAGE NUMBER: 5-BR-22 REVIEWER: J. HIGBEE DATE: 4 - 11 - 02 

CRM 4/22/02 

DESCRIPTION: BRIDGE 22 LEVEL 3 REVIEW TYPE: RFC DISCIPLINE: GEOTECHNICAL PAGE OF 3 -

ITEM DWG. 
No. NO.(I) COMMENTS CODE(2) RESPONSE(2) FINAL OISPOSlTlorPI 

4 Pile Sum. Since the bridge foundations have not been shown on 
Table the exploration plan, we can't comment yet on the 

adequacy of these exploration locations; 

5 Pile Sum. For the upper left capacity values, rather than "Target 
Table Geotechnical Capacity", I think that saying "Ultimate 

Vertical Capacity" might be more appropriate. ' 

6 Pile Sum. 
For column 0, in the past it has been labeled "Estimated 

Table 
Pile Tip Elev", rather than "Target". Which do you feel is 
more appropriate? The standard for the UDOT 
Structures & Geotech divisions is Estimated. 

7 5P The level of lab test results provided for Boring lSB·22-
490 looks very good. 

I forget what SV and H represents for Other Tests; but I 
imagine H is hydrometer, and SV shear vane- if so, is it a 
I~h c:ha~r \I~na nr fialrl? 

(I) Indica Ie drawing no.lpage no. or use "Go for general comment. 
(2) To be filled out by OesignlBuilder. 
(3) To be determined in subsequent comment resolulion meeling/discusslon (lisl dale), 

0 Added bridge foundation locations. CIA 

-Se attached 
additional cornlllents 

C This is described as a "Target" value C 
as it is the minimum capacity that ,,,,,I, ., "r 
must be provided by the soil to 
support the structural loads. Since 
the soil could provide a greater 
capacity, in our opinion the term 
ultimate does not correctly describe 
this value. ,"Minimum Required" may 
be a satisfactory alternate term. 

A A revised table is allached. A 

E E 

C H does represent a hydromeler C 
analysis. SV indicates a sieve 
___ I • . _!_ 

Nole: The Intended use of this lorm is 10 provide a means for Ihe Deparlrl1(!nt IrJ riliSIJ 
issues or concerns associated with the Oesignl8uilder's designs. I lowever, it is 
the Oesignl8uilder's responsibility to det~rmine what action is necessary to 
resolve those Issues In accordance with the conlract. 

-
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GE lOOf '0 

e;" CODES: -, 
UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMEtlT-WILL BE CORRECTED, ADDED, OR CLARIFIEl> • . ".. 

B. DESIGNER WILL EVALUATE. 

~!t: OVERSIGHT REVIEW C. DELETE COMMEIn 
\ 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

• 1' ,\ 11 KWAl' E. So NOTED (NO RESOLUTlOrl nEOUIRED) • 
t · ... ... , _~·· . , 

DOCUMENT CONTROL NUMBER: 3141 & 3142 PACKAGE NUMBER: 5-BR-22 REVIEWER: J. HIGBEE DATE: 4 - 11 - 02 

DESCRIPTION: BRIDGE 22 LEVEL 3 REVIEW TYPE: RFC 

ITEM DWG. 
No. No.(1) COMMENTS 

lab shear vane, or field? 

I assume that all the lab results including the strength 
tests, consols, etc. will be presented in the final 
Geotechnical Report for the project. 

8 6-8 I assume that the required driving resistance for Bent 2 
will be corrected as per the post-it note. 

9 G As pointed out in the geotechnical evaluation memo, this 
bridge site is located within a documented large lateral 
spread landslide (as are the other bridges at the north 
interchange area). As such, the soils in the upper strata 
across the site consist primarily (or entirely) of landslide 
material. Consideration should be given to annotating 
the boring logs (using geologic and geotechnical 
judgment), as to the probable contact with the underlying 
undisturbed soils. But at this point, I do not expect the 
boring logs for this bridge to be changed. 

(1) Indicate drawing no.lpage no. or use ·G· for general comment. 
(2) To be filled out by DesignlBulider. 
(3) To be determined in subsequenl commenl resolulion meeling/discussion (Iisl dale). 

CRM 4/22/02 

DISCIPLINE: GEOTECHNICAL PAGE OF 3 -

CODE(2) RESPONSE(2) FINAL DISPOSlTlot~(3) 

analysis. 

E E 

A A 

E I E 

Nole: The inlended use of Ihis lorm is to provido a means for Iho De!,arhnellil', r"iSIJ 
Issues or concerns associated with the Designl8uiJder's designs. • !oIVever, il is 
the Designl8uilder's responsibility to determine what action Is necessary It} 
resolve Ihose issues in accordance with Ihe contract. 

C:\DCHURCH\MY DOCUMENTS\LEGACy\COMMENTSIBR22IBA22 LEVEL3 UDOTCOMMENTS APnrL 102002 DOC .J'I/'Il1 



Comments on Rcyised ExplClr:nion Loc:nion Pbn . 

• 1/1' 
1. Include Rcy 2 note of ~: l 9/0]- Included Bridge Foundation Locations I V" 
'") The distances from the nearest borings to Abutment I, Bent 4 and panicularly 

Bent 3 seem excessive. Also. with only one boring in the vicinity of both Bent 3 
and 4. it is questionable as to whether the exploration meets the lJDOT minimum 
standard of one exploration per bridge foundation. Note: Railroad tracks being 
located between Bents 2 and 3. would not have precluded drilling closer to Bents 

3and4. n~~rn~ 
3. Misspel1ilC~R CONST. In lower nght corner. 11 

Br22Lev3FoIUpCom#3141-31042.doc 
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• CODES: 

UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

B. DESIGNER WILL EVALUATE. 

~ OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

' I"A It K\\IA Y E. So NOTED (NO RESOLUTION REQUIRED). J { t ,,-, / ........... c--tt 

DOCUMENT CONTROL NUMBER: 3997 PACKAGE NUMBER: 5-BR-23 REVIEWER: J. HIGBEE DATE: ,7 - 24 - 02 

DESCRIPTION: BRIDGE 23 LEVEL 2 SUBSTRUCTURE REVIEW TYPE: RFC 

ITEM DWG. 
No. NOY) COMMENTS 

1 Geotech Since this is one of the last bridges at the north 
Memo interchange, I will defer most of my comments on 

concerns with the typical memo, to the Level 2 bridge 
submittal for Bridge 4 at the south interchange. 

2 Geotech I know that the geotechnical designers transmit their 
Memo recommended MSHTO soil type to the bridge 

engineers. But for completeness of the geotechnical 
memos, could the recommended soil type be given in 
the Geotechnical Conditions section of the memos? 

3 Geotech Recommendations: 
Memo As noted for the last Level 2 bridge submittal, would it be 

more appropriate to say "the anticipated average service 
load per pile ... "? 

Good summary of foundation governing conditions. 

4 Pile Cap. The listed "Borings Used for Soil Profile" could be 
Sum Shts adjusted (SB-23-289 should be included for Abutment 1, 

the later 2 borings for Bent 2 seem to lie an excessive 
distance away, SC-23-291 should probably be SC-23-
290B). 

(1) Indicate drawing noJpage no. or use "G" for general comment. 
(2) To be filled out by DeslgnJBuilder. . 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

DISCIPLINE: GEOTECHNICAL " f r Iii,.., f 
I"'"', ,! Ou,.,. 

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

E E 

C Structural engineers have made the B 
determination. When there is a l " ' " ".) \ I ... _ ...,; !-..'i"+ ~; l 

question geotechnical engineer G r ~ . _ t"..'",· -, " I ... } 

reviews and recommends. ' " J. ~-,,;I r It", 

C Wording is appropriate as stated. C 
(\ 01 :1 . 

f 111,.1'1 

A Will be corrected for next release A 

Note: The Intended use of this form is to provide a means for the Department to raise 
Issues or concerns associated with the DesignlBuilder's designs. However, it is 
the DesignlBuilder's responsibility to determine what action is necessary to 
resolve those issues In accordance with the contract. 

.-
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PAGE40F4 

g""" CODES: 

· rs UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIAED. 

B. DESIGNER WILL EVALUATE. 

~ OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

"P"IlKW,\V E. So NOTED (NO RESOLUTION REQUIRED). .u.n ..... c_ . ·;, 

DOCUMENT CONTROL NUMBER: 3997 PACKAGE NUMBER: 5-BR-23 REVIEWER: J. HIGBEE DATE: 7 - 24 - 02 

DESCRIPTION: BRIDGE 23 LEVEL 2 SUBSTRUCTURE REVIEW TYPE: RFC 

ITEM DWG. 
No. No.(1) COMMENTS 

5 G RE Bent 2: UDOT does not' commonly accept having 
only a CPT for a pile foundation. Because of the 
following factors: A} This CPT was terminated 10m 
short of the design estimated pile tip elevation. B} The 
nearest boring was 50 m away from this bent. and C} 
there are 48 piles for this double pile cap bent.<!b~~ 
subsu.r:fac~J'lf~.lr!l1~!i9.nJO~Jhis bent s.e.erns Cluestiona~I~. 
Was either drill rig access or altered foundation location 
an issue? 

6 G RE Bent 3: Similarly (although not as drastic concerns 
as for Bent 2): Sampling for nearest boring began near 
the estimated tip elevation, nearest CPT terminated 3 m 
short of ETE, next closest boring didn't begin sampling 
until 5 m below ETE. 

7 G The liquefaction/lateral spreading analyses has not yet 
been provided to us. 

(1) Indicate drawing no/page no. or use "G" for general comment. 
(2) To be filled out by Design/Builder. . 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

DISCIPLINE: GEOTECHNICAL 

CODE(2) RESPONSE(2) FINAL DISPOSITION(:" 

C The structure was shortened from C 
the original design. There was 6 

./ borings and CPT soundings for this 
structure and for the adjacent 

, 
"" structure. 

C See previous response for comment C 
number 5. 

A Will provide if not already done so. A 

Nole: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the DesignlBuilder's designs. However, it is 
the DesignlBuilder's responsibility to determine what action is necessary to 
resolve those issues In accordance with the contract. 

-

L:\ADMIN\DESIGN TRANSMITIAL INFO\UDOT COMMENTS·RESPONSES\sTRUCTURE\5·BR·23 RESPONSE·#3997.DOC 4/17/01 
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F 5 ... b ,tolo'! 

'. ~ CODES: 

UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 
~ -

B. DESIGNER WILL EVALUATE. 

S OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

IlP,\llKWAV E. So NOTED (NO RESOLUTION REQUIRED). -, ,,- ~.r """,""",,"c_ •• ~ 

DOCUMENT CONTROL NUMBER: 3998 TO 4000 PACKAGE NUMBER: 5-BR-24A REVIEWER: J. HIGBEE DATE: 8 - 06 - 02 

DESCRIPTION: BRIDGE 24A LEVEL 3 REVIEW TYPE: RFC DISCIPLINE: GEOTECHNICAL PAGE OF 2 -
., 

ITEM DWG. ! 

No. No.(1) COMMENTS CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

1 Sht 4/43 RE the response to my comment #4 of the Level 2 C We understand and appreciate the C 
package on excessive distances of borings to the concern. In this design build 
foundations: My main concern is not that the scenario, tbe co_nstant ~' ? / j ~ ~ t 

characteristics ("types, density, etc.") of the individual soil communication will facilitate any fl. , (. ...... _!...~ ~v ~,.. f'c,.. 
I 

layers might change significantly between the borings modification that needs to be made ; ; 1 t,.., < k "'0 C~ ' y-J 
and the foundations; but rather that the depths/elevations to the design or installation. As we , ,.~ .... " .. .. 1.jy. . 
will change significantly. People experienced with the have done in the past, reevaluation 

i Lake Bonneville deposits understand this- even to the will be conducted if deemed 
point that pile driving conditions can change dramatically necessary. 
within one pile group. Bridge 25 Bent 3 is a perfect case 
in point of pile driving problems where the nearest boring 
was located some distance from the foundation. 

2 Logs To recite my comment #6: C It is not obvious to us from the C -
As per previous comments, it would be good to annotate tha I Sample which soils have been ] .. ... ? . ) 
uppar soil layers indicating which ara fait to consist of lateral disturbed By lateral spreading. For ( . , ... .: -l~(.1 .~t ~ 
spread material (including tha terms possible, probable, etc. as example in LSB-24-498, only about a /.$,-((<rJ u-
appropriate). The probable contact of the displaced material 2 meter zone, from approximately the " -It 1/ lie 
appears to be more obvious in Boring LSB-24-498. r' ! I~}'.; CD.... :. :) 

CL to 6 meters is potentially 1I\o~'" t.. LS • .. .... .$, 
liquefiable. if ............ 1 .s~c"""'F'''' ~ ... t ..... "!';::) 

FAK Response: " {", J.r l>f( . .e.~s.lrl.Jc LS i< "-:-: 
• 

) 

Logs are done ahead of the analysis. Will evaluate. 
p..&G. ,.~J/ '" c..'PC.iT Iv;} .:;, 
CH,r! "'/0 .... '1 1~<..L. ;:.-J,~c1I~ 

t-kc.s ~..".. .. y :"'v t"<c..4. rJ 'Co 
(1) Indicate drawing noJpage no. or use "G" for general comment. Note: The intended use of this form is to provide a means for the Department to raise 
(2) To be tilled out by DesignJ6uilder. issues or concerns aSSOCiated with the Design/Builder's designs. However, iI ;$ 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). the Design/Builder's responsibility to determine what action is necessary to 

resolve those issues in accordance with the contract. 

UADMIN\DESIGN TRANSMITIAL INFo\UDOT COMMENTS-RESPONSES\STRUCTURE\5-BR-24A L3 RESPONSE-tt3998.DOC 4/17/01 
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1.16 CODES: 

UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

~ 
B. DESIGNER WILL EVALUATE. 

OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

~ 1'AllJUt'AY E. So NOTED (NO RESOLUTION ·REQUIRED). "-""'C--.1 

DOCUMENT CONTROL NUMBER: 3998 TO 4000 PACKAGE NUMBER: 5-BR-24A REVIEWER: J. HIGBEE DATE: 8 - 06 - 02 

DESCRIPTION: B'RIDGE 24A LEVEL 3 REVIEW TYPE: RFC DISCIPLINE: GEOTECHNICAL PAGE OF 2 -

ITEM DWG. --
No. NO.(l) COMMENTS CODE(2) RESPONSE(2) FINAL DISPOSITION(~ 

, . 
-

The geotechnical analysis need not be done first. But I 
hope that during the design phase, the geotechnical firm 
would evaluate the field engineer's logs, examine the 
samples, and confer with the project geologists in order 
to develop the most informative final boring logs. I have 
receive verbal indications that the displaced lateral 
spread material 9<ln be <!! least m~l)!!o'!.e!!'.2nJh-Et!i!!~L 
logs;" and hopefully in some cases, the likely or possible 
contact with undisturbed units be indicated. 

(1) Indicate drawing noJpage no. or use MG- for general comment. Note: The intended use of this form is to provide a means for the Department to raise 

(2) To be filled out by DesignlBuilder. . issues or concerns associated with the Design/Builders designs. However, it is 
(3) To be delennined in subsequent comment resolution meeting/discussion (list date). the DesignlBuilder's responsibility to detennine what action is necessary to 

resolve those issues in accordance with the contract. 

L:\ADMIN\DESIGN TRANSMITIAL INFo\UDOT COMMENTS-RESPONSES\STRUCTURE\5-BR·24A L3 RESPONSE-#3998.DOC 4/17/01 
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~~~i!!d ii~ CODES: 

~~ UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

~J~'} 
B. DESIGNER WILL EVALUATE. 

. I' 

OVERSIGHT REVIEW C. DELETE COMMENT 

~ A ft.t COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

"A IlliW,\" E. So NOTED (NO RESOLUTION REQUIRED). ............... , 

DOCUMENT CONTROL NUMBER: 7524 PACKAGE NUMBER: 5-BR-24B REVIEWER: J. HIGBEE DATE: 6-22-04 

DESCRIPTION: BRIDGE 24B- LP NB TO 1-15 NB OVER REVIEW TYPE: LEVEL 3 DISCIPLINE: GEOTECHNICAL CRM: 912104 
1-15 

-
ITEM DWG. 

No. No.(1) COMMENTS CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

1 Geotech A. Good memo again overall; I noted that the E Thank You 
E Memo estimated range of groundwater that was 

encountered was given this time. 

B. Up to 194 mm is a substantial amount of liq-
induced settlement. Might add a comment as to 

0 the possible necessity of slab jacking or other .---. 
/) ~ required post-earthquake mitigation if this -. f".. 

occurs. 

C. Since this bridge runs essentially north to south 
(as did the subsurface explorations), continuity of 0 Agree. Evaluation included 
liquefiable layers in the explorations along the 
bridge profile for lateral spread assessment is 
not necessarily a definitive indicator of the 
continuity conditions in the more important east 
to west direction (the predominant direction of 
potential lateral spread movement) . 

2 Pile Relative to the pile tip elevations shown on this sheet 
Capacity and the subsurface conditions shown on the exploration 
Summary logs, the following comments are made for 

sheet consideration: 

Abutments: With this very high required driving 

(1) Indicate drawing no.lpage no . or use "G" for general comment. 
(2 ) T o be filled out by Design/Builder. 

(3) To be delermined in subsequent comment resolution meeting/discussion (list date). 

information from adjacent structure S 
0 

n."ft 01 
.,. " 0), .. , 

boring>as well. ~ , t4 J ~1: ':" 
]'" I, ~ : J' i"( ".~" 
,. "'1 .., •. r .... J ... -

I ~ r> J I 

E E 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated w ith the DesiSO/6uiloer';; oe;;;9n:., HOW~Y~f, iI ill 
the Design/Builder's responsibility to determine what action is necessary to 
resolve Ihose issues in accordance with the contract. 

.-

J.\LEGACy\COMMENTS\BR24B\BR 24B LEVEL 3 COMMENTS FINAL DISPOSITION.DOC 4117/01 
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S;r-"'=.; CODES: 

UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

.J B. DESIGNER WILL EVALUATE. 

~0 OVERSIGHT REVIEW C. DELETE COMMENT 
~ ~~ COMMENT AND RESOLUTION SHEET 

D. DEPARTMENT TO EVALUATE. 
• 1',\ I1K\\".\ , . E. So NOTED (NO RESOLUTION REQUIRED) . I ~_ •• • · - ...... 

DOCUMENT CONTROL NUMBER: 7524 PACKAGE NUMBER: 5-BR-24B REVIEWER: J. HIGBEE DATE: 6-22-04 

DESCRIPTION: BRIDGE 24B- LP NB TO 1-15 NB OVER REVIEW TYPE: LEVEL 3 DISCIPLINE: GEOTECHNICAL CRM: 9/2104 
1-15 

ITEM DWG. 
No. No.(') COf4MENTS CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

resistance of 3500 kN, there is a good chance that 
capacity might not be achieved in the silty sand layer 
where the pile tips are specified. It seems likely that the 
piles will have to penetrate thru the next layer of clay to 
reach the underlying layer of dense to very dense sand 
(below EL 1269 for A-1 and below EL 1262 for A-7). 

.:.' r' ~-f ;-~ : __ ..;..' .. 1"\. ,,#,_.1' • ,1 .0;-1 

3 My 4/29/4 Re the response to my comment #8, didn't we used to As noted on the Pile Design 
comment have a column indicating the governing condition for 

C 
Summary sheet for each of these 

sheet each foundation? bents, the seismic uplift requirement C / 

Could you clarify these seismic uplift requirements vs. controls the design. 

service loads? Need pile length to resist uplift, 

The last sentence of the response was left incomplete. therefore, the required tip elevations. 

4 My 4/29/4 Re my comment #9- since the location and log for boring Boring LSB 24-449 was 
comment LSB-24-449 was given in this submittal, you might 

sheet change the response to an A or C, and include a 
response similar to: The log for boring LSB-24-449 
which was provided subsequently, was drilled and 
sampled to a sufficient depth for this bent foundation. 

(') Indica Ie drawing no.lpage no. or use "G" for general comment. 
(2) To be filled out by DeSign/Builder. 

(3) To be delennined in subsequent comment resolution meeting/discussion (list date). 

subsequently drilled to sufficient 
depth. 

• ,~ .. +- Q, .... 1" ('1 C ../ 

C 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the DeSian/BUilder'$ desians. HOwQver

J 
it i~ 

the Design/Builder's responsibility to determine what action is necessary to 
resolve those issues in accordance with the conlracl. 

J.\LEGACYlCOMMENTS\BR24B\BR 246 LEVEL 3 COMMENTS FINAL DISPOSITION.DOC 4/17/01 
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g~ CODES: .- r~ UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

~ 
B. DESIGNER WILL EVALUATE. 

OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

IlI' AIlKW,'Y E. So NOTED (NO RESOLUTION REQUIRED). ....... .. ~ ... 

DOCUMENT CONTROL NUMBER: 1964 PACKAGE NUMBER: 5-BR-25 REVIEWER: J. HIGBEE DATE: 10-15 - 01 

DESCRIPTION: LEVEL 2 SUBSTRUCTURE ADVANCED REVIEW TYPE: MILESTONE (RFC) DISCIPLINE: GEOTECHNICAL PAGE OF 2 
RFC 

ITEM DWG. 
No. NO.(l) COMMENTS 

1 1 Design Data Note: See Ray Cook's comment regarding 
revising the acceleration terminology. 

2 2-4 It appears the boring and CPT locations were omitted. 

3 2 Indicate on the cross section whether the zone behind 
Abut 1 is to be a wall or embankment. 

4 S series Thank you for numbering system of boring logs. 

S SO LSB-2S-4SS: For the upper silty sand layer, the dense 
description does not seem appropriate for all but the 
near-surface portion of the layer. 

6 SP Sample at 11S": Please check to verify whether the 
corrected blow count is really less than SO. 

7 6 Show centerline of Abut 1 

(1) Indicate drawing noJpage no. or use "G' for general comment. 
(2) To be filled out by Design/Builder. 

(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

CRM 10/26/01 AND 
1/23/02 

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

A Will revise note A 

A Added A 

C Wall is shown correctly C 

E E 

A Corrected A 

A Revised to 31 A 

C Shown as "CL BRG ABUT 1" per C 
Ray Cook comment, 

Note: The Intended use of this form Is to provide a means for the Department to raise 
issues or concerns associated with tho Dosian/6uildo(s dosiBmJ, H9w@Vlilr, 1I1~' 

the Design/Builder's responsibility to determine what action is necessary to 
resolve those Issues in accordancCil with thlil contract. 

C:\DCHURCH\MY DOCUMENTS\PERSONAL\LEGACy\COMMENTS\BA25\BR25 LEVEL2 ARFC UDOTCOMMENTS OCTOBER 15 2001.DOC 4/17/01 



PAGE60F7 

M~ CODES: 

!I!I. UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

s: B. DESIGNER WILL EVALUATE. 

OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

"1'1~IlKWi\Y E. So NOTED (NO RESOLUTION REQUIRED). _ ... ,"--.,. 

DOCUMENT CONTROL NUMBER: 1964 PACKAGE NUMBER: 5-BR-25 REVIEWER: J. HIGBEE DATE: 10-15 - 01 

DESCRIPTION: LEVEL 2 SUBSTRUCTURE ADVANCED REVIEW TYPE: MILESTONE (RFC) DISCIPLINE: GEOTECHNICAL PAGE OF 2 
RFC 

ITEM DWG. 
No. NO.(l) COMMENTS 

8 8 Show centerline of Abut 7 

9- 12 As per previous discussions, we were hoping the 
"Abutment or Footing" call-outs would be revised to say 
Pile Cap (as Tim D. had also suggested). 

10 1&80/259 The governing condition for both abutments is identified 
pile/liq as "Pile Tip Below Liq. Layer"; however, the Required 

anly pkg Driving Resistance appears to be based on the ultimate 
resistance from the service load. 

11 16.etc/259 It appears that the Required Driving Resistance values 
pile/liq may not have not been determined properly for the 

anly pkgl seismic uplift governing condition for all five foundation 
Sheet 6 bents. For example: The 3567 kN RDR determined for 

Bent 2 does not match the sum of 3449- kN, which 
corresponds to the required seismic compo resistance 
(3135) + est. strength loss due to liq (314). 

12 G Neither the pile design! liquefaction package or the 
milestone submittal package included the 
liquefactionlJateral spread analysis evaluation spread-

(1) Indicate drawing noJpage no. or use "Gn for general comment. 
(2) To be filled out by Design/Builder. 

(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

CRM 10/26/01 AND 
1/23/02 

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

C Shown as "CL BRG ABUT 3" per C 
Ray Cook comment 

C After consultation, we have decided 
C to keep the designation as shown 

E/C Minimum depth governs 
E/C 

A Will revise 

A 

A See memo dated 11/1101 GDM-STR-
006 Rev 2 . A 

Note: The intended use of this form is to provide a means for the Department to raise 
issues or concerns associated with the Design/Builder's desi~ns. However, it Is 

the Design/Builder's responsibility to determine what action Is necessary to 
resolve those issues In accordance with the contract. 

.--
~I'. 

-"' 

C:\DCHURCH\MY DOCUMENTS\PERSONAL\LEGACy\COMMENTS\BR25\BR25 LEVEL2 ARFC UDOTCOMMENTS OCTOBER 15 2001.DOC 4/17/01 
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aii CODES: 

UTAH DEPARTMENT OF TRANSPORTATION 
A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

B. DESIGNER WILL EVALUATE. e;: OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. . . 

E. So NOTED (NO RESOLUTION REQUIRED). ~1·,\IlK"'AV 
...... ,._ .. ')0 

DOCUMENT CONTROL NUMBER: 1964 PACKAGE NUMBER: 5-BR-25 REVIEWER: J. HIGBEE DATE: 10-15 - 01 

DESCRIPTION: LEVEL 2 SUBSTRUCTURE ADVANCED REVIEW TYPE: MILESTONE (RFC) DISCIPLINE: GEOTECHNICAL PAGE OF 2 
RFC 

ITEM DWG. 
No. NoP) COMMENTS 

sheet or evaluation memo. 

(1) Indicate drawing no.lpage no. or use "Gn for general comment. 
(2) To be filled out by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (lis I dale). 

CRM 10/26/01 AND 
1/23/02 

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

Note: The intended use of this form Is to provide a means for the Department to raise 
issues or concems associated with the Design/Builder's designs. However. it Is 

the DesignIBuilder's responsibility to determine what action ;s necessary to 
resolve those issues in accordance with the contract. 

-, 

, 

C:\DCHURCHWY DOCUMENTS\PERSONAL\LEGACy\COMMENTS\8R25\BR25 LEVEL2 ARFC UDOTCOMMENTS OCTOBER 15 2001.DOC 4/17/01 



PAGE 1 OF2 

"'r • ,.,: ,- ... --, CODES: 

~~i UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

~!~!.~: 
B. DESIGNER WILL EVALUATE. 

OVERSIGHT REVIEW C. DELETE COMMENT 

COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

'I" \ II un", .' . ~. 
DOClJMENT CONTROL NUMBER: 3150 PACKAGE NUMBER: 5-BR-25 REVIEWER(S): RAY COOK DATE: 4/04/02 

DESCRIPTION: BRIDGE 25: LP NB TO US 89 NB OVER 1-15 & REVIEW TYPE: L2 RFC FOR STEEL FAB DISCIPLINE: STRUCTURES CRM: 4/18/02 
UPRR 

ITEM No. DWG. NO.Il) COMMENTS 

1 63 II appears Ihal lolerance Is very IIghllo meel requiremenl of RFP 
3 5 3.1.5 slating Ihal shear sluds shall penelrate alleast 75 mm 
Inlo deck and nol be less Ihan 75 mm from lop 01 deck. Verily 
that shear stud length provides enough construction tolerance 
Ihat Ihere will nol be a problem In the field meeting Ihls 
requirement. 

2 66,67 SpeclflcaUon 05120 does not currently address AASHTO M253 
bolts. To my knowtedge, UDOT has never used Ihls type of boll. 
I will verify thai there IS no problem uSing them. 

3 66 In View C-C, welding to shorter verllcal plale (opposite Side of 
shear key) IS nol shown. 

4 66 Is Ihere room between girder and bent cap to weld (overhead 
weld) 

5 66 The See Table dimension shown In Longitudinal Seismic Shear 
Brackets Detail IS nolto the same pOint on the bracket as the 
See Table dimension shown In View C-C. 

6 66,67 Is it correct that II reqUires less than half the number of bolls on 
the abulmenttransverse bracket as on the bent transverse 
bracket? 

7 66 Should a minimum overlap be shown between longitudinal 
brackel and bent cap as IS done on the transverse brackel and 
shear key? 

(1) Indicate drawing no Ipage no. or use uGu for general comment. 

(2) To be Iilled out by DesIQn/Builder. 
(3) To be detenmned III subsequent comment resolution meeting/discussion (list date). 

CODE(2
) RESPONSE(2

) FINAL DISPOSITION(3
) 

A Venfled A 

A Re-deslgnlng for AASHTO M164M bolts A 

A Will correcl A 

A Yes. Approximately 300 mm belween top A 
of cap and bollom of girder. 

A Will correcl A 

A Yes. Abutment force and moment less A 

A Will add A 

Note, The Intendea u~e 01 Ihllllorm II) 10 prov\t\o a moan\) lor \llil DIlPillIlIIll1ll 10 fuli)!) 
Issues or concerns associated wllh Ihe Design/Builder's designs. However, 1\ IS 
the Design/Builder'S responslblllly 10 delerrnille whal Belloll Is lIocossury 10 
resolve 'hose Issues In accordance wllh Ihe conlract. 

1"'·\nI"'UIIOI"'UUAV n"(\lllAlr::to.IT~\I t:'1'" AI"'V\I'''I',,\lUlra.IT'''\nnn,.\nn,..,. • n ""\1' "' .... _ ... __ ..... _ .. ______ _ 

, 
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l,,;' :~ !~~ "'''''1 CODES: 

~~ UTAH DEPARTMENT OF TRANSPORTATION A. ACCEPT COMMENT-WILL BE CORRECTED, ADDED, OR CLARIFIED. 

B. DESIGNER WILL EVALUATE. !JT"' OVERSIGHT REVIEW C. DELETE COMMENT 

~ 8-4 COMMENT AND RESOLUTION SHEET 
D. DEPARTMENT TO EVALUATE. 

,I" It ~~ no" 1 

DOCUMENT CONTROL NUMBER: 3150 PACKAGE NUMBER: 5-BR-25 REVIEWER(S): RAY COOK DATE: 4/04/02 

-
DESCRIPTION: BRIDGE 25: LP NB TO US 89 NB OVER 1-15 & REVIEW TYPE: L2 RFC FOR STEEL FAB DISCIPLINE: STRUCTURES CRM: 4/18/02 

UPRR 

ITEM No. DWG. No.(1) COMMENTS 

8 66,67 For my benefat, please confarm that transverse brackets are 
bolted and not welded. 

( 1) Indicate drawing no /page no. or use "GH for general comment 
(2) To be '"led oul by Design/Builder. 
(3) To be determined in subsequent comment resolution meeting/discussion (list date). 

CODE(2) RESPONSE(2) FINAL DISPOSITION(3) 

A Transverse brackets are bolted not welded A 
on this bradge. 

, 
. 

Note: The Intended use of Ihls form Is 10 provide a means for Ihe DeparlnlOnl fo ralSl) 
issues or concerns associated with Ihe Design/Builder's designs However. Ills 
the Design/Builder's responslbihty to determine what act/on IS nocessary to 
resolve those Issues In accordance wllh the contract. 

, 
-

I 

---, 

. -
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INTRODUCTION 

LEGACY PARKWAY 
BRIDGE 21 SEISMIC DESIGN STRATEGY 

REV 2.3 

Seismic Design of the bridges for the Legacy Parkway project IS primarily based on AASHTO, 
amended by project specific design criteria, which addresses issues not specifically accounted 
for by the AASHTO code. 

GENERAL STRUCTURE DESCRIPTION 

The structure is approximately 258 m long with 6-spans (44.5m, 39.3m, 47.0m, 42.2m, 35.5m 
and 45.9m, respectively). The substructure consists of seat type abutments and three-column 
bents with non-integral caps. The abutments are supported by two rows of concrete filled steel 
pipe piles, 406 mm in diameter, and 9.5 mm In thickness. 

The columns are octagonal with a diameter of 1.830 m, supported on pile-group foundations, 
using similar concrete filled steel pipe piles as abutments. The superstructure consists of 
prestressed concrete I-Girders with a concrete deck. Superstructure girders are typically 
supported on electrometric beanngs. 

LEVEL OF PERFORMANCE 

This structure is designed as an "Essential Bridge" under the definition provided by AASHTO 
(DIvision 1-A). The seismic performance of the structure IS "Serviceability", following minor 
repairs, which may be required, after the event of "Design Level Earthquake" 

SEISMICITY 

The structure is designed for PGA = 0 6g. AASHTO curves for Type III soil are used to account 
for SOil amplification. 

SEISMIC BEHAVIOR 

The seismic deSign strategy for thiS structure consists of: 

• Shear key restraints of superstructure girders to bent caps, with designed gaps 
(Longitudinal and transverse) 

• Inelastic flexure response of bent columns, after engagement of girder shear keys 
(Longitudinal and transverse) 

• Longitudinal engagement of girders and abutment backwall, and backfill passive 
resistance upon permitted backwall failure 

• Transverse freedom of motion at the abutments, upon fuse-failure of abutment wing wall 
extension above seat 

Over a Century of 
Engineering Excellence 1/1-z-, 
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Abutment piles are essentially protected by allowing the girders to slide over the abutment seat. 
This flexibility along with designed shear key gaps at bent caps, optimize use of column flexure 
strength, protecting abutment piles. Column plastic hinging capacity IS improved by providing 
lateral confinement throughout plastic hinging zone, as well as column-bent cap and foundation 
JOints. Column foundations are capacity protected, designed for column plastic hinging 
strength. Due to depth of ground cover over the footings at Bents 2, 3, and 6, Column SOIl 
Isolations are provided to ensure design level flexibility is maintained. 

EXPECTED DAMAGE UNDER DESIGN EVENT 

The expected inspection and immediate repair which may be required, following a design level 
earthquake, will be centering the bridge near it's original position, and temporary repairs over 
bridge jOints to allow for traffic. 

Due to the expected fuse at the superstructure - substructure interface, the majority of damage 
Will be localized to the bearing elements, shear keys, and abutment backwall. Damage to the 
abutments Will be limited to the expansion jOint and backwall failures. The entire superstructure 
is expected to displace on the supporting abutments and bents, with no unseating. 

Note that smaller gap at the deck-abutment wing wall Will be engaged before the fUSing and 
sliding behavior of the bearings, and/or transverse engagement of the shear keys. The wing 
wall strength however was not designed to resist transverse lateral forces under the deSign 
level earthquake. Therefore, while the wing wall may successfully resist response to smaller 
events, It is expected to fall dunng the design level earthquake allOWing for fused behavior of 
the bearings and seismic shear key restraints per seismic design strategy. 

While the bridge can be opened to traffiC follOWing the Immediate repair tasks, follow-up repairs 
can be performed to repair abutment backwall, wing wall, replace damaged bearings, 
connections and shear keys, and repair columns. 

Note that use of Isolation bearings, can reduce the extent of bearing damages and/or required 
repairs, after the event of a design level earthquake. 

T. bl 1 E tdS' . Prl a e . xpece elsmlc e ormance 
Abutments 

Shear Keys 

Columns 
Foundations 

JOints 

Over a Century of 
Engineering Excellence 

• 
• 
• 

• 
• 

• 
• 
• 
• 

Backwall failure and movement In to the soil 
Wing wall failure at deck Interface 
Fused bearings, leading to sliding behaVior of the girders, Within 
permitted shear key gaps 
Essentially elastic pile response 
Fused bearings, sliding of the girders Within allowed seismiC gap before 
shear keys are engaged 
R = 4, cracking and spaillng, reqUiring repair by epoxy Injection 
Capacity protected pile foundation group 
Essentially elastic pile response 
Moderate cracks requITing minor repair such as e~oxy Injection 
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Memorandum 

Date: 07/0812004 File Code: GDM-STR-041 
(revised GDM-STR-040) 

To: J Deschamp 

From. M D. Cline 

Subject: Geotechnical Recommendations for Bridge 21 - 2nd Revision 

Cc. DocC, Kleinfelder, Farid Nobari 

Introduction 

This memorandum summarizes our Geotechnical evaluation and recommendations developed in 
accordance with UDOT's Geotechnical MOl for Bridge 21. Included herein are a summary of 
general geotechnical conditions at the bridge location, our evaluation of liquefaction concerns, 
and a summary of geotechnical parameters for pile design Detailed descriptions of our 
understanding of the project, geology, design analysis, and recommendations will be incorporated 
into the Segment 5 geotechnical report and submitted along with other documents as part of final 
submittal for the project This information will be maintained in the project files for reference 
until being incorporated into the final report 

General Geotechnical Conditions 

Geotechnical condItions at the site are defined by previous investigations performed for UDOT 
and infonnation obtained during- a subsequent investigation undertaken by F AK The profile at 
the bridge site can be generally defmed as consisting of interbedded medium stiff to stiff silt and 
clay and loose to very dense sandlgravellayers in the upper 10 to 15 meters. Dense to very dense 
silty sands, poorly graded sands and poorly graded gravel with stiff to hard layers of silt and clay 
were encountered below 10 to 15 meters Groundwater was not measured during drillmg but is 
anticipated to be at shallow depths Based on site-specific information, we recommend that 
AASHTO Soil Type III be used for design of this bridge. 

Liquefaction Potential 

Bridge 21 is located within the Farmington Siding landslide complex, which consists of 
liquefaction-induced landshdes that date back to latest Pleistocene and Holocene time The bridge 
site is located within the older mapped portion of this complex, approximately 0 5 to 1 0 km 
southeast of the mapped contact with the younger portion of the complex UGS studIes indicate 
that susceptibihty to liquefaction-induced landsliding may be less than the earlier times due to 
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Memorandum 

lower average lake and associated ground water levels. The study also indicated that above
average precipitation could create locally perched condItions which could liquefy and slide when 
subject to strong ground motions. 

A site-specific evaluation of liquefaction and lateral spread was undertaken for Bridge 21. 
Information obtained from seven exploratory borings and three CPT soundings located at or near 
the bridge site were used in this evaluation. Evaluations indicated layers of silts and sands may 
liquefy under an earthquake of magnitude 7.3 with a peak horizontal ground acceleration of 0 6g. 
Layers of silt and sand ranging in thickness from approximately 0 5 m to 4 meters at elevations 

ranging from 1292 to 1279 meters were identified to have a potential to liquefy. Estimated 
liquefaction-induced settlement in these layers ranged from 0 to 116 mm. Additionally, a poorly 
graded sand layer in boring SB-21-282 at an elevation from 1288 to 1292 meters was identified to 
have a potential to laterally spread 4.5 meters. Given that this is an isolated layer in a borehole 
with no continuity, no mitigation measures are recommended at this bridge site. 

Foundation Reconnnendations 

It is our understanding that 406 mm (16 in.) diameter pipe piles are being proposed for the bridge 
foundations. The target vertical capacity per pile at the abutments is 2,102 kN and at the bents is 
1,503 kN Design of abutment foundations is governed by establishment of the pile tip below a 
potentially liquefiable layer, and design of bent foundations is controlled by seismic compression. 
Recommended pile capacities and Geotechnical parameters required for analysis and design are 
presented in the attached table. 
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C D 
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IAddl1lonal Concrete Haunch at Prestress Girder 

D E 
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h=D·E wi! ah=FxG # # 
1m) 1m) 1m) !m) 1m) 1m3) 

0.081a18182 1.295 0.10S 11 44.5 SUI! 
0.147545455 1295 0.191 11 39.3 82.80 

0.106 1295 0.138 11 47 70.30 
0.079727273 1295 0.103 11 422 47.93 
0.167727273 1295 0217 11 35.55 84.94 
0.127272727 1.295 0.165 11 46.945 85.30 
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Ramirez. Carlos 

,·from: 
ient 

Cooper, Tom 
Thursday, May 10, 2001 3:22 PM 

0: 
'Subject: 

Ramirez, Carlos; Subrizi, eris D.; Wang, Fuxin; Nugen~ Victoria 
FW: Legacy Parkway - Bridge 28 Abutment 

Latest on abutment fill soil data. 

-Original Message-
From: Kancheepuram "K" Gunalan [mailto:kgunalan@dolstate.ulus1 
Sent Thursday, May 10, 200112:40 PM 
To: Cooper, Tom 
Cc: Cchristensen@klelnfelder.com; millem@kleinfelder.com; Nobari, 
Farid; Showers, Joseph I. 
Subject RE: Legacy Parkway - Bridge 28 Abutment 

Tom: Hi! Since the backfill material will be an A-1-a material 
compacted to 97% in place, I think you could use_5Q,o.~/m3 for modulus 
of subgrade reaction value. You will receive dlrectiVerrom' Joe on the 
distance between the wall and center line of pile shortly. You could 
probabl;y rely on about 50% of soil stiffness when pile moves toward the 
wall. I will confirm with W8fi'supplier. We have not done anything at 
the south end yet. Will let you know as soon as we have the LPILE data 
for Sr. 5. Thanks. 

. . 
»> "Cooper, Tom" <Cooper@pbworld.com> 05/09/01 04:44PM »> 
Guna, 
7hanks for this information. there is some more information that we need 
lr 

.1e abutment analysis: 
'Is there a modulus of subgrade reaction value available for this 
material? 
We have assumed 32,OOOkNm/m3 (sand). Please verify this value or 
provide 
another for us to use in the pile design. 
I understand that the distance from the cJ of the pile to the LOL of the 
MSE 
wall is 3 meters. How much of the soil stiffness can we count on when 
the 
pile is moving toward the MSE wall? 
Is soil information (L-pile data) available yet for Bridge 5? 

Joe, 
Has it been decided to eliminate the piles on the ends of the wingwalls? 

Regards, 
Tom 

* 

-Original Message-
From: Kancheepuram "K" Gunalan [ mailto:kgunalan@dot.state.ut.us 
<mailto:kgunalan@dot.state.ut.us> ] 
~ent: Friday, May 04,20011:25 PM 

. ·0: Cooper, Tom 
~: Showers, Joseph I. 

-~ubject: ~e: Legacy Parkway - Bridge 28 Abutment 

A e::uTrv..(£).n- C/I,C,x..r.;.1 u

h.oPc f!:ntt.'C-



Tom; I am sorry, I sent the backfill Info to Takahiko. Asked him to 
usea 
,unti weight of 142 pcf, an angle of internal friction of 32 deg. and an 
active pressure coefficient of 0.3. With regard to down drag. I was 
oJnder 
'the impression that the piles will be sleeved with a 18 inch sleeve to 
take 
care of down drag within the embankment. Hope this is what you were 
looking 
for. Thanks. 

0»> "Cooper, Tom" <Cooper@pbworld.com> 05/01/01 02:52PM »> 
Taka. 
A few questions on the abutment desigi.~ 

1. Do you have a general layout for the Type A ar"utment we are to be 
using 
for Bridge 28? Please falWard to us if you do. 
We 
are currently using the layout from the 30% drawings. 

2. The DL and LL information you provided to us was per girder. How 
many 
girders does Bridge 28 have? 

What is the total DL and LL for the structure? 

Guna. could you please address rne following questions? 
3. Have any decisions been made on how to handle downdrag from the fills 
on 
the project? Do you know what the assumption wDl be for downdrag loads 
'on 
3ridge 28? 

4. Do we have soil parameters to use for the engineered fill at the 
abutments? we need this information to complete the L-pile analysis and 
determine system stiffness developed by the passive resistance of the 
soil. 

Regar~s. 

Tom 



Ramirez, Carlos 

From: 
'1ent: 
,'0: 
Subject: 

Carlos, 

Cooper, Tom 
Friday, May 04,2001 5:02 PM 
Ramirez, Carlos; Wang, Fuxin; Noban, Farid 
FW: Legacy Parkway - Bridge 28 Abutment 

Let me know If you need more information. 

Tom 

-Original Message-
From: Kancheepuram HK" Gunalan [mailto:kguna1an@dot.state.ut.us] 
Sent: Friday, May 04, 2001 1:25 PM 
To: Cooper, Tom 
Cc: Showers, Joseph I. 
Subject: Re: Legacy Parkway. Bridge 28 J\butment 

~ \ ",., / ",,'J 

Tom; I am sony, I sent ~ackfill info to Takahiko.. Asked him to 
use a unti weight of 14~p_cf, an angle of Internal friction ~eg. 
and an active pressure coefficient of 0 ... 3. With regard to down drag, I 
was under the impression that the piles will be sleeved with a 18 inch 
sleeve to take care of down drag within the embankment Hope this is 
what you were looking for. Thanks. 

»> "Cooper, Tom" <Cooper@pbworld.com> 05/01/01 02:52PM »> 
Taka, 
4, few questions on the abutment design: 

1. Do you have a general layout for the Type A abutment we are to be 
using 
for Bridge 28? Please forward to us if you do. 
We 
are currently using the layout from the 30% drawings. 

2. The DL and LL information you provided to us was per girder. How 
many 
girders does Bridge 28 have? 

What is the total DL and LL for the structure? 

Guna, could you please address the following questions? 
3. Have any decisions been made on how to handle downdrag from the fills 
on . 
the project? Do you know what the assumption will be for downdrag loads 
on 
Bridge 28? 

4. Do we have soil parameters to use for the engineered fill at the 
abutments? we need this Information to complete the L-pile analysis and 
determine system .stlffness developed by the passive resistance of the 
soil. 

Regards, 

:lm 

fA} ~ o.C. .,... do .:r= A.~ \l I"\A-~ 

P, mr>~~~ 0/ 
S"J~??", t.. ~ ~ Q 



i.\legacy\selsml-1\brS4cO-1\reVlse-1\plles\b_4-fl-1 gpo 
prlnted 18:35 26 Apr 04 

PILE GROUP ANALYSIS PROGRAM-GROUP 
PC VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 2000 

THE PROGRAM WAS COMPILED USING THE MICROSOFT FORTRAN 
POWERSTATION 4 0 (C) COPYRIGHT MICROSOFT CORPORATION, 1996. 

PILE GROUP ANALYSIS PROGRAM-GROUP 
PC VERSION 5.0 (c) COPYRIGHT ENSOFT,INC. 2000 

THE PROGRAM WAS COMPILED USING MICROSOFT FORTRAN 
POWERSTATION 4.0 (C) COPYRIGHT MICROSOFT CORPORATION, 1996. 

Legacy parkway ===> Bridge 21 

INPUT INFORMATION *'il"'** 

.. TABLE C.. LOAD AND CONTROL PARAMETERS 

UNITS--I\@/I@/I@I\@ 

V LOAD, KN H LOAD, KN MOMENT, KN- M 

o 1686E+05 o 8377E+04 -0.4561E+05 

'" THE LOADING IS STATIC .. 

KPYOP = 0 (CODE TO GENERATE P-Y CURVES) 

( KPYOP = 1 IF P-Y YES; = 0 IF P-Y NO; = -1 IF P-Y ONLY) 

'" CONTROL PARAMETERS '" 
TOLERANCE ON CONVERGENCE OF FOUNDATION REACTION 
TOLERANCE ON DETERMINATION OF DEFLECTIONS 
MAX NO OF ITERATIONS ALLOWED FOR FOUNDATION ANALYSIS 
MAXIMUM NO. OF ITERATIONS ALLOWED FOR PILE ANALYSIS 

'" TABLE D .. ARRANGEMENT OF PILE GROUPS 

0.254E-06 M 
0.254E-06 M 

100 
100 

GROUP CONNECT NO OF PILE PILE NO L-S CURVE P-Y CURVE 
1 
2 
3 
4 
5 

GROUP 
1 
2 
3 
4 
5 

PIN 
PIN 
PIN 
PIN 
PIN 

5 1 
5 1 
5 1 
5 1 
5 1 

VERT, M HOR, M 
O.OOOOE+OO 0.2440E+01 
O.OOOOE+OO 0 1220E+01 
o OOOOE+OO O.OOOOE+OO 
o OOOOE+OO -0.1220E+01 
O.OOOOE+OO -0.2440E+01 

1 0 
1 0 
1 0 
1 0 
1 0 

SLOPE, M/ M GROUND, M SPRING, KN- M 
O.OOOOE+OO -0.3800E+01 O.OOOOE+OO 
o OOOOE+OO -0.3800E+01 0 OOOOE+OO 
O.OOOOE+OO -0 3800E+01 O.OOOOE+OO 
O.OOOOE+OO -0.3800E+01 O.OOOOE+OO 
O.OOOOE+OO -0.3800E+01 0 OOOOE+OO 

.. TABLE E" PILE GEOMETRY AND PROPERTIES 

PILE SEC INC 
1 1 100 

PILE FROM, M 

LENGTH, M 
o 3000E+02 

TO, M 

E ,KN/ M""2 
o 2000E+09 

DIAM, M AREA, M"*2 I, M*"4 

1 O.OOOOE+OO 0.3000E+02 0.4060E+00 0.2652E-01 0 3710E-03 

" THE PILE ABOVE IS OF LINEARLY ELASTIC MATERIAL" 

" TABLE F" AXIAL LOAD VS SETTLEMENT 

(THE LOAD-SETTLEMENT CURVE IS GENERATED INTERNALLY) 

NUM OF CURVES 1 

CURVE 1 

POINT 
1 
2 
3 
4 
5 
6 
7 

NUM OF POINTS 19 

AXIAL LOAD, KN 
-0 2538E+04 
-0 2339E+04 
-0 2239E+04 
-0 1455E+04 
-0 1111E+04 
-0 4604E+03 
-0 2385E+03 

SETTLEMENT, M 
-0 6064E-01 
-0 3437E-01 
-0 2123E-01 
-0.7624E-02 
-0 4864E-02 
-0 1444E-02 
-0 7412E-03 

page 1 



PARSONS BRIIICICERHOFF 
COJIIPurAnoN SHEEr tFfi'iii0J 

Legacy Parkway e:i 
BRIDGE 21: GROUP Analysis -------------- -- - - -- ---.---- ------ ------ - ----.--------------- -- '" ...; ... 

GROUP Anal~sis 
0 0 0 

Group VII Loading' 1.0 (1.00 + ~+;pi + 1? + 1.0EQ) 

BENT COLUMN DIRECTION D EQ 

4 1 TRANS 1.0( 6 948.2 kN ± 6878.8 kN ) = 
4 2 TRANS 1.0( 7029.4 kN ± 259 kN ) = 
4 3 TRANS 1.0( 6 943.2 kN ± 6861.9 kN ) = 

4 1 LONG 1.0( 69482 kN ± 3488.6 kN ) = 
4 2 LONG 1.0( 70294 kN ± 42.7 kN ) = 
4 3 LONG 1.0( 6 943.2 kN ± 3475.7 kN ) = 

p 

WEIGHT ,...........,....... .......... ......,....,/ 
OF SOIL 

WEIGHT OF FTG. 

BENT 4 

Bndge 21 PIle Loads Rev 04-05-04 xis Bent 4 

Paqe of - .... _---- --- ........ -
1I.1ade bY ____ Y:.J.i9JJ9..EL ___________ _ 

DaEe ________ !~:~E'.!":Q~ ____________ _ 
Checked by _______________________ _ 

Date 

[AASHTO Table 3 22 1A] 

+ 

13827 kN 

7055 kN 

13805 kN 

10437 kN 

7072 kN 

10419 kN 

SOIL 
RESISTANCE 

69 kN 

7004 kN 

81 kN 

3460 kN 

6987 kN 

3468 kN 



PARSONS BRlNCICERHOFF 
COJIIPUTJ&7JON SHEET f$ff'~~~ 

Legacy Parkway !!!f. 

F'aae of -- ------

Checkeo' by _______________________ _ 

BRIDGE 21: GROUP Analysis ~ _ w Date 
--------------------------------------------------------------- ';'.04, 1& K\t'.~" -------------------------------

GROUP Analysis 

-+ TRANSVERSE DEMAND AT TOP OF PILES 

Footing Depth = 2 000 M 

Footing Width = 6 100 M 

Footing Length = 6.100 M 

Column Length = 6.890 M 

Bottom of Column Forces 

+ Footing Weight 

+ SOil Weight 

- SOil Passive ReSistance 

+ Moment due to Shear x (Ftg depth) 
= Demand @ Top of Piles 

Footing Depth = 656 FT 

Footing Width = 20.01 FT 

Footing Length = 2001 FT 

Column Length = 2260 FT 

Column Forces 

+ Footing Weight 

+ SOil Weight 

- Soil Passive ReSistance 

+ Moment due to Shear x (Ftg depth) 
= Demand @ Top of Piles 

~ 

Axial 

13827 kn 

1 753 kn 

1284 kn 

- kn 

- kn 
16864 kn 

Axial 

3108 kips 

394 kips 

289 kips 

- kips 

- kips 
3791 kips 

-

Bottom of Column Demands are due to Column Plastic Hinging. 

Bndge 21 Pile Loads Rev 04-05-04 xis Bent 4 

,.¥~,;~-,'I;~ 

I Metnc ~ 
"*'"-" 

Shear Moment 

8377 kn 28857 kn-m 

- kn - kn-m 

- kn - kn-m 

- kn - kn-m 

- kn 16753 kn-m 
8377 kn 45610 kn-m 

I English I -

Shear Moment 

1883 kips 21 284 klp-ft 

- kips - klp-ft 

- kips - klp-ft 

- kips - klp-ft 

- kips 12 356 klp-ft 
1883 kips 33 640 klp-ft 



PARSONS BRINCKERHOFF 
I---JO(J COIIIPUTADON SHEET 

"':'Att\~ 

Legacy Parkway SI;.,'bje'Cf 
-----------------------------------------------------.' . 

GROUP Analysis 

-+ LONGITUD!.~1L DEMAND AT TOP OF PILES 

Footing Depth = 2.000 M 

Footing Width = 6.100 M 

Footing Length = 6.100 M 

Column Length = 6.890 M 

Bottom of Column Forces 

+ Footing Weight 

+ Soil Weight 

- Soil Passive Resistance 

+ Moment due to Shear x (Ftg depth) 
= Demand @ Top of Piles 

Footing Depth = 6.56 FT 

Footing Width = 20.01 FT 

Footing Length = 20.01 FT 

Column Length = 22.60 FT 

Column Forces 

+ Footing Weight 

+ Soil Weight 

- Soil Passive Resistance 

+ Moment due to Shear x (Ftg depth) 
= Demand @ Top of Piles 

~ 

Axial 

10437 kn 

1 753 kn 

1284 kn 

- kn 

- kn 
13474 kn 

Axial 

2346 kips 

394 kips 

289 kips 

- kips 

- kips 
3029 kips 

Bottom of Column Demands are due to Column Plastic Hinging. 

Bridge 21 Pile Loads Rev 04-05-04.xls Bent 4 

L~etric ] 

Shear 

4029 kn 

- kn 

- kn 

- kn 

- kn 
4029 kn 

I , En7~~UiJ 

Shear 

906 kips 

- kips 

- kips 

- kips 

- kips 
906 kips 

Page ______ of ______ , . ' 

lldade by ____ y .. ~9..y9..~ ---~=-~ __ ~ __ _ 

Date ________ !~:~!?!:~i ____________ _ 
Chec'/,ed by _______________________ _ 

Da,te 

Moment 

27760 kn-m 

- kn-m 

- kn-m 

- kn-m 

8058 kn-m 
35819 kn-m 

Moment 

20 475 kip-ft 

- kip-ft 

- kip-ft 

- kip-ft 

5943 kip-ft 
26 418 kip-ft 



Paoe of - -~---- ------PARSONS BRINCKERHOFF 
COAfPUT.ADOli SHEET Made by ____ y~y.9J!9...«L ___________ _ 

Date ________ !~.:~e!:Q± ____________ _ 
)'UbJ8Cf Legacy Parkway ______________________________________________________ Checkeo' bjl 

BRIDGE 21: GROUP Analysis ~ "" '" Daie ------------------------
-------------.- --------- -------- -----------.----------------- ---"i"A I' Kft,%~' 

GROUP Anal~sis 
0 0 0 

Group VII Loading' 1.0 (1.0D +?+ 1f'+ 1yIF + 1.0EQ) 

BENT COLUMN 

5 1 

5 2 

5 3 

5 1 

5 2 

5 3 

DIRECTION 

TRANS 

TRANS 

TRANS 

LONG 

LONG 

LONG 

WEIGHT 
OF SOIL 

D 

1.0( 5180.3 kN ± 
1.0( 52283 kN ± 
1.0( 5 163 6 kN ± 

1.0( 5180.3kN ± 
1 O( 5 228.3 kN ± 
1.0( 5 163 6 kN ± 

p 

WEIGHT OF FTG 

BENT 5 

Bndge 21 PIle Loads Rev 04-05-04 xis Bent 5 

EQ 

60398 kN ) 

51 6 kN ) 

6050.3 kN ) 

30799 kN ) 

1293 kN ) 

3031.9 kN ) 

.a:_,\,.i'~~;. 

[AASHTO Table 3 22 1A] 

= 
= 
= 

= 
= 
= 

+ 

11 220 kN 

5280 kN 

11 214 kN 

8260 kN 

5358 kN 

8196 kN 

SOIL 
RESISTANCE 

- 860 kN 

5177 kN 
--~ ,--, - 887 kN - -, ,,-

-.-- --~-- -

2100 kN 

5099 kN 

2132 kN 



PARSONS BRINCIfERHOFF 
COIIIIPUTATION SHEEr 

Legacy Parkway 

BRIDGE 21.' GROUP Analysis ~ 
----------------------------------------------------------'----·- .. ~l .. 

GROUP Analysis 

~ TRANSVERSE DEMAND AT TOP OF PILES 

Footing Depth = 2 000 M 

Footing Width = 6100 114 

Footing Length = 6.100 M 

Column Length = 7310 114 

Metnc ~ 

- - AXial Shear 

Bottom of Column Forces 11 220 kn 7666 kn 

+ Footmg Weight 1753 kn - kn 

+ SOIl Weight 1284 kn - kn 

- Soil Passive Resistance - kn - kn 

+ Moment due to Shear x (Ftg depth) - kn - kn 

= Demand @ Top of Piles 14257 kn 7666 kn 

Footing Depth = 6.56 FT English I 
Footing Width = 2001 FT 

Footing Length = 20.01 FT 

Column Length = 23.98 FT 

AXial Shear 

Column Forces 2522 kips 1723 kips 

+ Footing Weight 394 kips - kips 

+ SOIl Weight 289 kips - kips 

- Soil Passive Resistance - kips - kips 

+ Moment due to Shear X (Ftg depth) - kips - kips 

= Demand @ Top of Piles 3205 kips 1723 kips 

Note..; 

Bottom of Column Demands are due to Column Plastic Hinging. 

Bndge 21 Pile Loads Rev 04-05-04 xIs Bent 5 

Page ______ af _____ _ 

Made by ____ y ... ~9_Y9.~ ____________ _ 

Oate ________ !~.:~e!".:~i ____________ _ 
ChecJ(eo' by _______________________ _ 

Oate 

• 
o 

Moment 

28019 kn-lrr 

- kn-m 

- kn-m 

- kn-m 

15332 kn-m 

43351 kn-m 

Moment 

20 666 klp-ft 

- klp-ft 

- klp-ft 

- klp-ft 

11 308 klp-ft 

31 974 kip-ft 



PARSONS BRINCICERHOFF Page ______ of _____ _ 

COIIIPUTII7JON SHEET iN:f~~f~<¥~ A··jade by ____ y .. y,~ty9..~ ____________ _ 
---'1lJD M~ A 04 'r'l'~ft': ~~ Date 13 pr 
,ubjecl ________________ ~~_~~~Y__~~~~~~~ _____________ , ,', ',;'>¥!. cl1e;k~i/b;f---~----:----------------

BRIDGE 21: GROUP Analysis ~ ,At Date ------------------------
------------- - ----------------- -.- -----------------------------. '" •• ,~ IlKD i. Y 

GROUP Analysis 

-+ LONGITUDIANL DEMAND AT TOP OF PILES 

Footing Depth = 2.000 M 

Footing Width = 6.100 M 

Footing Length = 6 100 M 

Column Length = 7.310 M 

Bottom of Column Forces 

+ Footing Weight 

+ Soil Weight 

- SOIl Passive Resistance 

+ Moment due to Shear X (Ftg depth) 
= Demand @ Top of Piles 

Footing Depth = 6.56 FT 

Footing Width = 20.01 FT 

Footing Length = 20.01 FT 

Column Length = 23.98 FT 

Column Forces 

+ Footing Weight 

+ SOil Weight 

- SOil Passive ReSistance 

+ Moment due to Shear X (Ftg depth) 
= Demand @ Top of Piles 

NQte.,. 

AXial 

8260 kn 

1753 kn 

1284 kn 

- kn 

- kn 
11 297 kn 

Axial 

1857 kips 

394 kips 

289 kips 

- kips 

- kips 
2540 kips 

Bottom of Column Demands are due to Column PlastiC Hinging. 

Bridge 21 Pile Loads Rev 04-05-04 xis Bent 5 

l~"'-<;~~~ .. 

Metnc ~ 

Shear Moment 

3699 kn 27036 kn-m 

- kn - kn-m 

- kn - kn-m 

- kn - kn-m 

- kn 7397 kn-m 
3699 kn 34433 kn-m 

English I 

Shear Moment 

831 kips 19 941 klp-ft 

- kips - klp-ft 

- kips - kip-ft 

- kips - kip-ft 

- kips 5456 klp-ft 
831 kips 25 397 kip-ft 



SUb}8Cf 

PARSONS BRINCICERHOFF 
COAfPUTI&TlON SHEET _ 

Legacy Parkway !iii 
BRIDGE 21: GROUP Analysis ~ -------------------------------------------------------------«".·A.' 

GROUP Anal~sis 
0 0 0 

Group VII Loading' 1.0 (1.0D + ~+ ~+ 1? + 1 OEQ) 

BENT COLUMN 

6 1 

6 2 

6 3 

6 1 

6 2 

6 3 

DIRECTION D EQ 

TRANS 1 .O( 7 068 1 kN ± 102433 kN ) 

TRANS 1 O( 7177.7 kN ± 77 2 kN ) 

TRANS 1 O( 7109.4 kN ± 102373 kN ) 

LONG 1.0( 70681 kN ± 50334 kN ) 

LONG 1.0( 7177.7 kN ± 148.9 kN ) 

LONG 1 O( 71094 kN ± 50681 kN ) 

p 

WEIGHT 
OF SOIL l--~-'--~_----""-"""'_L---'t___'4"__l'____"tt 

WEIGHT OF FTG 

BENT 6 

Bndge 21 Pile Loads Rev 04-05-04 xis Bent 6 

= 
= 
= 

= 
= 
= 

A,jade b)~ ___ y .. J2Sty9..Et ____________ _ 

Date ________ !~.:~!?!:~i. ___________ _ 
Checked by _______________________ _ 

Date 

[AASHTO Table 3 22 1A] 

+ 

17311 kN 

7255 kN 

17347 kN 

12102 kN 

7327 kN 

12178 kN 

SOIL 
RESISTANCE 

-3175 kN 

7101 kN 

-3 128 kN 

2035 kN 

7029 kN 

2041 kN 



PARSONS BRINCKERHOFF 
COAfPUTATlOli SHEET 

SuiJ/eet Legacy Parkway 

GROUP Analysis 

-+ TRANSVERSE DEMAND AT TOP OF PILES 

Footmg Depth = 2 000 M 

Footmg Width = 6 000 M 

Footing Length = 6 000 fA 

Column Length = 6 696 M 

Bottom of Column Forces 

+ Footing Weight 

+ Soil Weight 

- SOIl Passive Resistance 

+ Moment due to Shear x (Ftg depth) 

= Demand @ Top of Piles 

Footing Depth = 656 FT 

Footing Width = 1969 FT 

Footing Length = 19.69 FT 

Column Length = 21.97 FT 

Column Forces 

+ Footing Weight 

+ SOil Weight 

- Soil Passive Resistance 

+ Moment due to Shear X (Ftg depth) 

= Demand @ Top of Piles 

~ 

Axial 

17347 kn 

1696 kn 

1093 kn 

- kn 

- kn 
20136 kn 

AXial 

3900 kips 

381 kips 

246 kips 

- kips 

- kips 
4527 kips 

Bottom of Column Demands are due to Column Plastic Hinging. 

Bndge 21 Pile Loads Rev 04-05-04 xis Bent 6 

Shear 

8940 kn 

- kn 

- kn 

- kn 

- kn 

8940 kn 

English 

Shear 

2010 kips 

- kips 

- kips 

- kips 

- kips 

2010 kips 

Page of - ------ ------
Made bY~ ___ Y .. J2.9..Y9..EL ___________ _ 

Date ________ !~:~e!:~± ____________ _ 
Cheekeo' by _______________________ _ 

Date 

Moment 

29930 kn-m 

- kn-m 

- kn-m 

- kn-m 

17879 kn-m 
47809 kn-m 

I 

Moment 

22 075 klp-ft 

- klp-ft 

- klp-ft 

- klp-ft 

13 187 klp-ft 

35 262 klp-ft 



1---'100 
~ .• .r.--:: 

S'UD}ec( Legacy Parkway 
---_ .... _---------_ .... _--------------------------------_ ... _--- .. 

BRIDGE 21: GROUP Analysis ~ ---------- -------------.------------------------------------- --~ .... >, J& Kit • 

Page ______ of _____ _ 

Made by ____ y .. ~.9J:!9.EL ___________ _ 

[Jate ________ !~.:~e!:~~ ____________ _ 
CheeReo' by _______________________ _ 

Date 
. -...,,;:-~.; 

GROUP Analysis 

-+ LONGITUDIANL DEMAND AT TOP OF PILES 

Footing Depth = 2.000 M 

Footing WIdth = 6.000 M 

Footing Length = 6.000 M 

Column Length = 6.696 M 

Bottom of Column Forces 

+ Footing Weight 

+ Soil Weight 

- Soil Passive Resistance 

+ Moment due to Shear x (Ftg depth) 

= Demand @ Top of Piles 

Footing Depth = 6.56 FT 

Footing Width = 19 69 FT 

Footing Length = 19 69 FT 

Column Length = 21.97 FT 

Column Forces 

+ Footing Weight 

+ Soil Weight 

- Soil Passive Resistance 

+ Moment due to Shear x (Ftg depth) 

= Demand @ Top of Piles 

~ 

N(lal 

12178 kn 

1 696 kn 

1093 kn 

- kn 

- kn 

14966 kn 

Axial 

2738 kips 

381 kips 

246 kips 

- kips 

- kips 

3365 kips 

Bottom of Column Demands are due to Column Plastic Hmglng . 

Bndge 21 Pile Loads Rev 04-05-04 xis Bent 6 

Metric ~ 

Shear Moment 

4231 kn 28328 kn-m 

- kn - kn-m 

- kn - kn-m 

- kn - kn-m 

- kn 8461 kn-m 

4231 kn 36790 kn-m 

Shear Moment 

951 kips 20894 klp-ft 

- kips - kip-ft 

- kips - klp-ft 

- kips - klp-ft 

- kips 6241 klp-ft 

951 kips 27 135 klp-ft 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject 
Legacy Parkway Seismic Analysis & Foundataion Design 

BRIDGE 21: Service Load 

Abutments 

BRIDGE 21: Service Load 

Service Load Check: 

Total Dead Load = 8,505 kn 

Total Live Load = 12,043 kn 

Total Service Load = 20,548 kn 

Number of Piles = 22 kn 

Total Service Load = 934 kn 

Factor of Safety = 2.25 

Pile Capacity = 6183 kn 

Service Load Check: 

2.25 X 934 = 

Structure Capacity Check: 

Dead Load Per Pile (DL) = 387 kn 

Down Drag Load Load (~O) = 1,551 kn 

Structure Capacity = 6183 kn 

Factor Load = 1.3DL +1.800 

Bridge 21 SelVice Load Check.xls 
Bridge 21-Abutments 

2,102 kn < 

2,792 kN < 

6,183 kn 

6,183 kN 

Page of 

Made bY ___ ~_0_~L!.f!.~ _______________ _ 
Date June 25 2004 ______________ L ________________ _ 

Checked by 

Date 

OK 

OK 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject 
Legacy Parkway Seismic Analysis & Foundataion Design 

BRIDGE 21: Service Load 

Bent 

BRIDGE 21: Service Load 

Service Load Check: 

Total Dead Load = 11000 kn 

Total Live Load = 5,700 kn 

Total Service Load = 16,700 kn 

Number of Piles = 25 kn 

Total Service Load = 668 kn 

Factor of Safety = 2.25 

Pile Capacity = 6183 kn 

Service Load Check: 

2.25 X 668 = 1,503 kn < 6,183 kn 

Structure Capacity Check: 

Dead Load Per Pile (OL) = 440 kn 

Down Drag Load Load (~O) = 2,764 kn 

Structure Capacity = 6183 kn 

Page of I Z-9?;b 

Made by ___ Y:._~~L!.f!.~ _______________ _ 
Date June 25 2004 ______________ L ________________ _ 

Checked by 

Date 

OK 

----- -_._----------------------,-----

Factor Load = 1.30L +1.800 

Bridge 21 Service Load Check.xls 
Bridge 21-Bent 

4,975 kN < 6,183 kN OK 
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INTRODUCTION 

LEGACY PARKWAY 
BRIDGE 22 SEISMIC DESIGN STRATEGY 

REV 1 

Seismic Design of the bridges for the Legacy Parkway project is primarily based on AASHTO 
and amended by project specific design criteria, WhiCh, addresses Issues not specifically 
accounted for by the AASHTO code. 

GENERAL STRUCTURE DESCRIPTION 

The structure is 339.5 m long with six-spans (40.0 m, 62.5 m, 65.0 m, 65.3 m, 63.8 m, 43.0 m). 
The substructure consists of short seat type abutments and single column bents with non
mtegral caps. The abutments are supported by two rows of concrete filled steel pipe piles 
(typical: 406 mm diameter x 10 mm). Columns range in height from 10.5 m to 12.1 m. The 
columns are octagonal with a diameter of 2.5 m. Each column is supported on individual pile 
group foundation, with tYPical concrete filled steel pipe piles. The superstructure consists of 4 
built up steel girders made composite with a concrete deck. Superstructure girders are 
supported on pot bearings, which are welded to the base plate, on top of the bent caps. At the 
abutments, the elastomeric bearings are allowed to be fused to slide over the seat, and mteract 
with back-fill soil. 

LEVEL OF PERFORMANCE 

ThiS structure is designed as an "Essential Bridge" under the definition provided by AASHTO 
(Division 1-A). The seismic performance of the structure IS "Serviceability", following minor 
repairs, which may be required, after the event of "Design Level Earthquake" 

SEISMICITY 

The structure is designed for PGA = 0.6g AASHTO curves for Type III sOIl are used to account 
for sOil amplification. 

SEISMIC BEHAVIOR 

Seismic design strategy for this structure consists of: 
• Lateral load transfer to piers, via bearings and shear keys 
• Mobilization of backfill sOil behind the abutments. 
• Limited plastiC hinging in columns 

The strategy Includes strength design of bearing connections to resist service loads such as 
wind, and braking forces, as well as, the deSign level earthquake. The bearing connections are 
designed to transfer forces to the substructure The columns were deSigned uSing a reduction 
factor (R) of 3, as permitted by AASHTO for single columns deSigned for Category D This 

Over a Century of 
Engineering Excellence 1/1 

A1 
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design approach results In an estimated maximum top of column deflection of approximately 
150 mm. 
At the abutments, and primarily in the longitudinal direction, the backfill soil provides additional 
resistance strength to limit the extent of superstructure movement Backfill contributions has 
been limited to 7.7 KSF passive resistance. 

EXPECTED DAMAGE UNDER DESIGN EVENT 

Damage to the abutments will be limited to backwall failure. The superstructure IS expected to 
displace longitudinally on the abutment seats The abutment seats are sized to accommodate 
the estimated seismic displacements 
The expected inspection and Immediate repair which may be required, follOWing a deSign level 
earthquake, Will be centering the bridge near It'S original position, and temporary repairs over 
bridge Joints to allow for traffic While the bridge can be opened to traffic follOWing the -
Immediate repair tasks, follow-up repairs may be necessary to replace damaged bearings. 
Refer to table below for expected seismiC performance of various bridge components. 

To bl 1 E tdS' . Pro a e xpec e elsmlc e ormance 
Abutments 

Bearings 

Columns 
Foundations 
JOints 

Over a Century of 
Engineering Excellence 

• 
• 
• 
• 

• 
• 
• 

Damage to backwall possible 
Maximum longitudinal displacement - 89 mm 
Essentially elastiC pile response 
Fuse feature at abutment, may require bearing 
replacement or repositioning 
R = 3, cracking and spailing. Repair by epoxy injection 
Piles remain essentially elastic 
Moderate damage reqUiring minor repair such as epoxy 
Injection of cracks 

2/2 



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
Support{s) 
Water Depth(m) 
Finished Grade Elevation (m) 

22 
Abut. 1 

13.0 
1307.6 

Soil Borings Used fer Profile RB-385; SC-27 -341 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 
4 

5 

6 

7 

8 

9 . 

5-22-1 

Initials Date 

Depth to. Depth to. 
Medulus ef Friction 

Tepef 
Bottom UnilWaighl Shear Strain, Subgrade Angle, 

Soil Type efSeil olSeil Strength 
Sen Layer 

Layer (kN/m') (kN/m2) E.o Reactien, k • (m) 
(m) 

(kPa/m) (degrees) 

Sand 0.0 3.8 20.3 - - 37,350 32 

Sand 3.8 11.1 20.3 - - 37,350 32 

Sand 11.1 13.0 19.9 - - 18,450 33 

Soft Clay 13.0 15.0 10.B 18 0.015 3,500 -
Sand 15.0 18.0 10.1 - 6,420 31 

Silt 18.0 22.1 9.7 50 0.034 48,665 30 

Sand 22.1 26.5 10.5 - - 22,040 37 

Sand 26.5 28.6 9.7 - - 2,160 30 

Sand 28.6 31.7 10.5 - - 31,270 41 

Press the "Copy" bullon to copy this tab to a new spreadsheet. The new fila should be saved In the same directory with the name 
"S-XX-Y,Y,Y LPILE Parameter;" (XX is the structure number and Y Is the support number; for which this file applies. Complete renaming 
of the spreadsheet Immediately after it i~ copied by adding the structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 

(kN/m') (kN/m') 

Tep Boltom Top Bottom 

0 39 0 8,790 

39 114 8,790 25,680 

95 112 18,110 21,150 

54 59 1,210 1,310 

107 119 17,420 19,270 

91 102 7,300 8,230 

181 204 40,460 45,720 

137 144 18,770 19,720 

247 266 61,190 65,910 

OB107/2001 



Legacy Parkway 
lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
Support(s) 
Water Depth (m) 
Finished Grade Etevation m 

22 
Bent 2 

3.0 
1297.0 

Soil Borings Used for Profile RB-385; SC~27-341 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 • 

S-22-2 

tnitials Date 

Depth to 
Depth to 

Modulus of Friction 
Top of 

Boltom Unit Weight Shear Strain, Subgrade Angle, 
Soil Type ofSoit ofSoit Strength 

5011 Layer 
Layer (kN/rili (kN/m2) E.., Reaction, k ~ 

(m) 
(m) 

(kPa/m) (degrees) 

Sand 0.0 2.2 19.9 - - '18,450 33 

Soft Clay 2.2 3.0 20.6 18 0.D15 3,500 -
Soft Clay 3.0 4.5 10.8 18 0.015 3,500 -

Sand 4.5 7.4 10.1 - - 6,420 31 

Silt 7.4 11.5 9.7 50 0.034 48,665 30 

Sand 11.5 21.1 10.5 - - 22,040 37 

Stiff CI"Y with Free Water 21.1 23.3 9.7 57 0.034 57,665 -
Stiff Clay with Free Water 23.3 24.5 9.7 76 0.034 87,665 -

Sand 24.5 27.5 10.5 - - 29,140 40 

Sill 27.5 30.6 11.4 154 0.063 204,665 34 

Press the "Copy" button to copy this tab to a new spreadsheet. The new me should be saved in the same directory with Ihe name 
·S-'l:X.-Y,Y,Y lPllE Paramelers" ('I:X. is Ihe structure number and Y is the support numbers for which this file applies. Complete renaming 
of the spreadsheet Immedialely after il is copied by adding Ihe structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 
(kN/m2) (kN/m2) 

Top Boltom Top Boltom 

0 18 0 3,510 

9 12 200 270 

12 15 270 350 

28 39 4,670 6,460 

30 42 2,450 3,370 

74 125 16,600 28,080 

55 60 1,930 2,100 

63 65 2,530 2,640 

159 177 38,570 42,910 
115 128 9,200 10.240 

06107lZ001 



Legacy Parkway 
Laleral Pile Ana(ysis 
Soil Paramelers for LPILE or GROUP 

Structure 
Suppor1(s 
Water Depth (m) 
Rnished Grade Elevation m 

. , 

22 
Bent4 

4.9 
1300.8 

Soil Borings Used for Profile LSB·22-437 

I Completed By: 

I Checked By: 

Layer 

1 

2 . 
3 

4 

5 

6 

7 

8 

9 
10 
. 

Inilials Date 

Depth to 
Depth to 

Modulus of Friction 
Top of 

Bottom UnilWeight Shear Strain, Subgrade Angle, 
Soil Type of Soil of Soil Strength 

son Layer 
Layer (kN/m') (kN/m2) Eo. Reaction, k • (m) 

(m) 
(kPa/m) (degrees) 

Sand 0.0 4.9 19.9 - 30,600 36 
Sand 4.9 7.7 9.7 . - 740 29 

SoftClav 7.7 10.0 10.8 24 0.015 9.665 -
Sand 10.0 12.6 9.7 - - 4.290 30 

Stiff Clay with Free Water 12.6 14.1 9.7 89 0.034 107.165 . 
Sand 14.1 15.3 10.1 . 8.550 32 
Sand 15.3 23.2 10.5 - 25.590 39 

Sand 23.2 24.8 10.1 12,810 34 

Sand 24.8 27.8 10.1 - - 14.230 34 
S~nd 27.8 29.3 10.5 - - 25.590 39 

Press the ·Copy· bulton to copy Ihis tab to a new spreadsheel. The new file shoutd be saved In Ihe same directory with the name 
·S-XX-y.y.y LPtLE Parameters" (XX is the structure number and Y is the suppor1 numbers for which this file applies. Complete renaming 
of the spreadsheet immediately after it is copied by adding the structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 

(kN/m2) (kN/m2) 

Top Bottom Top Bottom 

0 46 0 9,940 

32 41 4,090 5.230 
26 31 640 770 

53 62 8.070 9,430 

42 45 1,840 1.990 
74 79 12.940 13.770 
108 153 25.370 35.810 

122 129 23.530 24.870 

133 146 26.310 28,960 
178 187 41 ,660 43,640 

08107/2001 



legacy Parkway 
laterat Pile Ana~sis 
Soil Parameters lor LPILE or GROUP 

Structure 
Support(s 
Waler Depth (m) 
Finished Grade Elevation (m) 

22 
BentJ¥'(t-' 

2,i 
1297.5 

Soil BOrings Used for Profile LSB-22-43B; SC-27 ~344 

I Completed By: 

l Checked By: 

Layer 

1 

2 
3 

4 

5 
6 

7 

8 

9 . 

$-22-5 

Inilials Date 

Depth to 
Depth to 

Modulus of Friction 
Top 01 Bottom Unit Weight Shear Strain, Subgrade Angle, 

Soil Type of Soil 01 Soil Strength 
Soil Layer Eo" Reaction, k • (m) 

layer (kN/m') (kN/m2) 
(kPa/m) (degrees) 

(m) 

Sand 0.0 2.4 19.5 - - 900 29 

Sill 2.4 3.5 10.0 37 0.027 29,165 29 

Sill 3.5 10.8 9.7 89 0.034 107,165 31 

Sand 10.8 18.2 10.9 - - 32,690 41 

Sill 18.2 19.4 9.7 89 0.034 107,165 31 

Sand 19.4 20.2 10.1 - - 16,360 35 

Stiff Clay with Free Water 20.2 24.2 11.4 102 0.063 126,665 -
'Silt 24.2 21.5 11.4 115 0.063 146,165 33 

Sand 27.5 33.3 10.5 - - 25,590 39 

Press Ihe "Copy" button to copy this tab tei a new spreadsheet. The new file should be saved in the same directory wilh Ihe name 
"S-XX-Y,Y,Y LPILE Parameters" (XX is the structure number and Y is the support numbers lor which Ihis file applies. Complele renaming 
of the spreadsheet immediately after It is copied by adding the structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 
(kN/m2) (kN/m2) 

Top Bottom Top Bottom 

0 15 0 2,070 

13 16 1,040 1,290 

18 41 1,470 3,300 

77 125 19,340 31,420 

67 70 5,360 5,660 

102 105 20,970 21,730 

56 68 2,660 3,190 

93 106 7,470 6,490 

168 201 39,350 47,020 

08/07/2001 



Legacy Parkway, 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
Support s 
Water Depth Im~ 
Finished Grade Etevation (m) 

22 
Bent 6 

3.5 
1297.5 

Soil Borings Used lor Profile 5B-27-345 

I Completed By: 

L Checked By: 

Layer 

1 
2 
·3 

4 

5 

6 

7 

a 
9 
10 

S-22-6 

Inilials Date 

Depth to 
Depth to 

Modulus of Friction 
Top'of 

Bottom Unit Weight Shear Strain, Subgrade Anglo, 
Soil Type 01 Soil 01 Soil Strength 

Soil Layer 
Layer (kN/m3) (kN/m2) £.0 ReacUon, k ~ 

(m) 
(m) 

(kPa/m) (degrees) 

Sand 0.0 1.6 19.5 - - 2,250 30 

Soft Clay 1.6 3.5 20.6 18 0.015 3,500 -
Sotl Clay 3.5 9.6 '10.8 18 0.Q15 3,500 -

Sand 9.6 14.1 9.7 - - 2,870 30 
'. 

Silt 14.1 15.3 9.7 83 0.034 96,665 31 

Sand 15.3 20.4 10.1 - - 15,650 ' 35 

Sand 20.4 21.7 10.1 - - 8,550 32 

Silt 21.7 22.9 11.4 109 0.063 '135,665 32 

Sand 22.9 26.5 10.5 - - 29,140 40 
Silt 26.5 29.6 11.4 128 0.063 165,665 33 

Press the "Copy" button to copy this lab to a new spreadsheet. The new file should be saved in the same directory with the name 
"S-XX-Y,Y,Y LPILE Parameters" (XX is the structure number and Y is the support numbers for which this file applies. Comple\e renaming 
of the spreadsheet immediately atler it is copied by adding the structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 
(kN/m2) (kN/m2) 

Too Bottom Too Bottom 

0 11 0 1,600 

6 14 140 320 

14 28 320 620 

47 62 6,690 8,840 

56 60 4,530 4,820 
87 110 17,690 22,440 

96 101 16,610 17,510 

85 90 6,860 7,220 

153 175 37,210 42,420 
107 119 8,600 9,590 

OBl07J20Dl 
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Memorondur:; 

Dare: 111011'2001 FUe Code: GDM-STR-OOSRev.2 

To: Joe Showers 
f . 

From: K. N. GunalanO\l (7 "I""MJ,,,",-
Curt Chnstensen -

Subject Geotechmcal Recommendations for Bndge 22 

Cc: Doce, Klemfelder, Tom Cooper 

In traductIOn 

ThlS memorandum presents our Geotechmcal evaluatIon and recommendatlons developed in 

accordance WIth UDOT's Geotechmcal MOr for Bndge 22. Included herem IS our evaluation of 
liquefactIOn and lateral spread concerns at the bndge locauon. DetaIled descnptlOns of our 
understanding of the proJect, geology. SOlIs encountered etc. WIll be mcorporated into the project 
Geotechmcal report and subrrutted along Wlth other documents as part of final subrruttal for the 
project. ThIS mformation wIll be mamtamed m the project files for reference untll bemg 
mcorporated mto the final report. 

General Geotechnical Conditions 

GeotechnIcal conditIons at the SHe are defined by preVIOUS inveStigatIons perfonned for UDOT 
Based on the mformatIOn obtamed dunng those mvestIgatIons and a subsequent mveStIgatIOn 
undertaken by FAK. the profile at the north mterchange can be defined as consIsting of 
mterbedded medIum stIff to stIff stIts, clay and loose to medium dense sand and gravel layers In 

the upper 10 to 15 meters. Dense to very dense sIlty sands, poorly graded sands and poorly 
graded gravel WIth lenses of slits and clays were encountered below 10 to IS meters. Ground 
water was encountered at depths rangtng from 1 0 to 1 j meters. 

LIquefactIOn Potential 

Bndge 2'2 falls withIn the Farmmgton Sldmg landslIde complex. whIch conSIsts of liquefacCIon 
Induced landslrdes The bndge SIte IS located WIthIn the older mapped pornon ot· [hIS complex. 

a~proxI mate!y 0 j km southeast of the mapped concact WIth the younger portIon of the complex. 
These s!rdes date back to lo.test Ple:s[Qcene .. md Holocene tIme CGS studIes tndlc::lte thac 
"usceptlbtllty to IIquef::lctIon Induced land slIdmg m::ly be less than the earlrer tlmc:s due [0 lower 

verage lake :J.nd JSsocl.lted ground water levels The study also tndIcated that Jbove Jverage 
precIpItJ.tIOn could create locally perched condmons whlL.h when subject to strong ground 



motions could liquefy and slice. Therefore. a study was undertaken to eV<.l.1I.l,ue the potential for 
liquefaction and lateral spread at Bridge 22. Informacion obtained from a toral of ~ ~~\-&Ci 
exploratory borings and f~FtPT soundings located at or near the bridge site were used iri'trus ~~ 2...

e·/aluation. Evalua[Ions indicated layers of silts and sands may liquefy unde:;jll ~arthquake of 
magnituJe 7.3 with a peak horizontal. ground acceleration of O.6g. 

Additionally. soil profiles from the borings at the bridge site were reviewed for licl.!efaction 
induced lateral spread potentiaL Based on the analysis liquefaction induced settlement was 
determined to range from 73 mm in boring SB-'27-345 to 210 nun in boring SB-27-340. The 
potential for lateral spread was estimated to be negligible in one of the borings. with upto 2.8 m 
in boring SB-27-340. Lateral spread magnitude determined in boring SB-27-340 was based on 
field and laboratory data from phase I investigations. It is our opinion that further testing would 
indicate that the layer contributing to the lateral spread is actually made up of thinner layers and 
therefore the magnitude would be much smaller. 

In general. the layers indicating lateral spread potential along the alignment of this structure are 
. less than 1 m in thickness. The database used for the development of the empirical lateral spread 

equations presently includes limited data for layers less than 1 meter in thickness. For these 
thinner layers small displacements were observed. Since the database contains only a few points 
with layers less than 1 m in thickness and observed displacements were small. the estimated 
displacement for the layers described above is probably greater than the actual displacement 
potential and the accuracy of these estimates is questionable. In addition, thinner layers should 
only be considered a candidate for lateral spread if they appear to be continuous. It is our opinion 
[hat such a continuous layer does not appear to be present along the alignment of this structure. 

Recommendations 

It is our understanding that 406 mrn (16 in.) diameter pipe piles are being proposed for the bridge 
foundations Jnd that the anticipated service load per pile at the Jbutments 1 Jnd 7 rJnge from 
L005 kl'i to 1472 kN. Service load per pile at the bents '2 through 6 range from 457 kN to 750 !eX 
Seismic uplift resistance required at bent 2 through 6 range from 1925 kN to 2170 klY 

Recommended pile capacities Jnd GeotechnicJl parameters required for Jnalysis Jnd design are 
presented in Jttached table. 



V .. ang. Fuxin 

From: Cooper, Tom 
Sent: Thursday, May 10, 2001 3:22 PM 

ubject: 
Ramirez, Carlos; Subrizi, Cris D.; Wang, Fuxin; Nugent, Victoria 
FW: Legacy Parkway - Bridge 28 Abutment 

Latest on abutment fill soil data. 

-----Original Message-----
From: Kancheepuram "K" Gunalan [mailto:kgunalan@dot.state.ut.us] 
Sent: Thursday, ~y 10, 2001 12:40 PM 
To: Cooper, Torn 
Cc: Cchristensen@kleinfelder.com; millern@kleinfelder.com; Nobari, 
Farid; Showers, Joseph I. 
Subject: RE: Legacy Parkway - Bridge 28 Abutment 

7 
Torn: Hi! Since /t'he backfill material will be an A-1-a material 
compacted to ~!%_in plac~, I think you could use SO , ObOKN/m3 for modulus 
of subgrade reaction value. You will receive directive from Joe on the 
dis'tance between the wall and center line of pile shortly. You could 
probabliY rely on about 50% of soil stiffness when_ pil~moves toward the ? 

wall. I will confirm with wall supplier. We have not done anything at 
-the- south end yet. Will let you know as soon as we have the LPILE data 
for Br. 5. Thanks. 

»> "Cooper, Torn" <Cooper@pbworld. corn> 0~!2.L.Q~/01 04: 44PM »> 
Guna, 
Thanks for this information. there is some more information that we need 
for 
~he abutment analysis: 

; there a modulus of subgrade reaction value available for this 
.a.terial? 

We have assumed 32,000kNm/m3 (sand). Please verify this value or 
provide 
another for us to use in the pile design. 
I understand that the distance from the cl of the pile to the LOL of the 
MSE 
wall is 3 meters. How much of the soil stiffness can we count on when 
the 
pile is moving toward the MSE wall? 
Is soil information (L-pile data) available yet for Bridge 5? 

Joe, 
Has i t been decided to eliminate the piles on the ends of the wingwalls? 

Regards, 
Torn 

* 

-----Original Message---- -
From: Kancheepuram "K" Gunalan [ mailto:kgunalan@dot.state.ut.us 
<mailto:kgunalan@dot.state.ut.us> ] 
Sent: Friday, ~c!y ...o;.., 20011:25 PM 
To: Coope-r, Tom 
Cc: Showers, Joseph I. 
Subject: Re: Legacy Parkway - Bridge 28 Abutment 

,mi I am sorry, I sent the backfill info to Takahiko. Asked him to 
use a 

1 

29 

,\. ) 

I Ii . (~~ (.. , 4 J ) 



I) • or.l... ,<.t/~ ) ~ 
unti weight of 142 pcf, an angle of internal friction of 32 deg. and an 
active pressure coefficient of 0.3. With regard to down drag , I was 
u nder 
t e impression that the piles will be sleeved with a 18 inch sleeve to 
~ 
~are of down drag within the embankment. Hope this is what you were 

Joking 
~or. Thanks. 

»> "Cooper, Tom" <Cooper@pbworld.com> 05(01/01 02:52PM »> 
Taka, 
A few questions on the abutment design: 

1. Do you have a general layout for the Type A abutment we 
using 

are to 

for Bridge 28? Please forward to us if you 
We 
are currently using the layout from the 30% drawings. 

be 

do. 

2. The DL and LL information you provided to us was per girder. How 
many 
girders does Bridge 28 have? 

What is the total DL and LL for the structure? 

-Guna, could you please address the following questions? 
3. Have any decisions been made on how to handle downdrag from the fills 
on 
the project? Do you know what the assumption will be for downdrag loads 
on 
Bridge 28? 

4. Do we have soil parameters to use f or the engineered fill at the 
abutments? we nee5 tn~s information t o complete the L-pile analysis and 
creterm~ne system stiffness developed by the passive resistance of the 
~oil. 

Regards, 

Tom 

2 
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Wang, Fuxin 

From: Baron, Michael J 
Sent: 
'0: 

;c: 

Tuesday, July 17, 2001 10.52 AM 
Elwell, John; Cooper, Tom 

Subject: 
Wang, Fuxin, Ramirez, Carlos; Nobarl, Farld 
RE: Br 22 & 25 

Gentlemen, 

Attached are the BSOI output files for the preliminary run of B22. 

Reactions Unit lOUT Unit 1 Members OUT 

Reactions Unit 2 OUT Unit 2 Members OUT 

Unit 1 comprises spans 1 thru 3, while Unit 2 comprises spans 4 thru 6. 

NOTE: The reactions for support 4 of Unit 1 = reactions for support 1 of unit 2. 00 not add these together. 

Numbering sequence: BSOI 1 = PB GROR 4 

BSOI 2 = PB GROR 3 

BSOI 3 = PB GROR 2 

BSOI 4 = PB GROR 1 

Please contact me If I can be of any other help 

Mike Baron 

-----Onglnal Message-----
From: Elwell, John 
Sent: Tuesday, July 17, 2001 8.52 AM 
To: Cooper, Tom 
Cc: Wang, Fuxln; Ramirez, carlos; Nobart, Fartd; Baron, Michael J. 
Subject: RE: Br 22 & 25 

Tom, 
MIke Baron is working on the preliminary run in LOUisville. He should have some numbers soon. 

-----Onglnal Message----
From: Cooper, Tom 
Sent: Monday, July 16, 200110·56 PM 
To: Elwell, John 
Cc: Wang, Fuxln; Ramirez, carlos; Nobart, Fartd 
Subject: Br 22 & 25 

John, 
Recommendations on superstructure properties to use for 22 and 25? 00 you have preliminary data we can use
okay to be +/- 20% although I'm sure you are closer. 
We've started 22 & 25 modeling - we'll put In updated superstrucrure as it becomes available 

1 



Wang, Fuxin 

From: 
Sent: 
.... p: 
;c: 

Subject: 

Cooper, Tom 
Friday, July 27, 2001 5 43 PM 
Wang, Fuxin 
Ramirez, Carlos, Nugent, Victoria 
RE. br. 22 & 25 foundation 

At one time we were being told to use 250 ton, then 200 ton then but, 

32 

SERVICE LOADS WILL NOT CONTROL. 200 TONS IS possible. Only use the higher loading capacities If lateral loads 
are not controlling. Otherwise the effective loads on the piles will not be 150 tons anyway (or 200 tons) 
Since these designs are being advanced, please be conservative In assumptions 
If we use sOil Improvment approach then It IS possible that there Will be an advantage to the 200ton design. 

-----Onglnal Message-----
From: Wang, Fuxln 
Sent: Fnday, July 27,20015:15 PM 
To: Cooper, Tom 
Subject: RE: br. 22 & 25 foundation 

Tom, sorry to bugs you again VictOria mentioned we update our pile capacity from 150ton to 200 ton, 
IS that correct? Just want to confirm that thiS is the latest information. 
Thanks 

Pranf( 

Fuxin Wang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 3517 

1 



Sircar, Partha 

'rom: 
~nt: 

fo: 
Subject: 

Sircar, Partha 
Thursday, August 30, 2001 4:01 PM 
Nobari, Farid 
RE: Bridge 22- Maximum seismic pile forces 

Looks OK, except, you may have reduced the maximum tension to a little less, say 1800kN. 

-----Original Message---
From: Noban, Farid 
Sent: Thursday, August 30,20013:22 PM 
To: Curt christensen (E-mail); Nigel Miller (E-mail) 
Cc: Showers, Joseph I.; Williams, David (US); Sircar, Partha; Cooper, Tom; Wang, Fuxln; Deschamps, J.D.; Noban, Fand 
Subject: Bridge 22- Maximum seismiC pile forces 

Nigel/Curt 

326 

As per our earlier conversation (Farid+Nlgel) , Partha concluded lateral pile group analyses for Bridge 22 Square 
foundations, to assess maximum compression and tension loads under seismic loads. Bases on diagonal loading 
conditions, the following seismic loads are recommended for pile tip elevation for Bents 2, 3, 4, and 6 (Normal and 
skewed SQUARE foundations). 

Maximum Tension = 2000 KN 
Maximum Compression = 3000 KN 

The above values are the governing values for all the square foundations (which were pretty close to eachother, 
anyway). 

If there is anything else you need on this structure, please let me know. 

Thanks. 

Farid S. Nobari, P.E. 
Senior Supervising Engineer 
Parsons Bnnckerhoff, Sacramento 
Ph: (916) 567-2531 Fax: (916) 925-3517 

1 



Sircar, Partha 

Sircar, Partha From: 
ent: 
0: 

Thursday, August 30, 2001 11 :57 AM 
Nobari, Farid > 

Subject: RE: pile layouts 

Here are my results based on ngid body movement of cap and piles: 

Normal Loading Direction (Bents 2 & 6): Compression - 2591 kN; Tension - 1130kN 

Use above for Pile Penetration Elevations 

Skewed (Diagonal) Loading Direction (Bents 3 & 4): Corner Piles - Compression - 3362kN; Tension - 1883kN 
Next 2 near Corner - Compression - 2840 kN; Tension - 1375kN 

Use for Pile Penetration Elevations: 3000kN for Compression; 1883kN for Tension 

(Note: I have assigned a slightly lower compression, since only the corner piles are involved. In my GROUP4.0 
analyses, Case 2, the capacity was 2800kN and stll\l had only 24mm of settlement of corner pile) 

Please call me to discuss if required. 

----Onglnal Message-----
From: Noban, Fand 
Sent: Thursday, August 30, 2001 9:50 AM 
To: Sircar, Partha 
Subject: FW: pile layouts 

Partha 
This is the most recent set of pile layouts. 
In short: 

Bent 2 Square 6X6 normal 
Bent 3 Square 6X6 skewed (Diagonal) 
Bent 4 Square 6X6 skewed (diagonal) 
Bent 5 Rectangular 4X9 57 degrees skewed 
Bent 6=square 6X6 Normal 

Suggestion: 
Based on diagonal run of a square foundation, e-mail me back with Maximum CompresslonfTension force for all 
square bents (Bents 2,3.4,6). Then you can ask if Khenfelder has the results for Bent 5 (rectangular) or not. The 
chances are they may already have something from David and we may not have to do much. 
Can you send thiS first e-mail (for square foundations) as soon as possible? Thanks 

Farid 

-----Onglnal Message-----
From: Deschamps, J.D. 
Sent: Wednesday, August 29, 20011:07 PM 
To: Nobart,Fand 
Subject: RE: pile layouts 

I did a bit more looking for useful Information. 

1 



front row pile spacing 1424-2900-2900-2900"2900-1448, 7 piles 
back row pile spacing 2900-2900-2900-2900, 5 piles 

the piles are designed for SERVICE LOADS ONLY With a 50kip lateral, and 500kip vertical capacities 

Eric Leeker . 

3 
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Sircar, Partha 

Sircar, Partha From: 
ant: 
'0: 

Thursday, August 30, 2001 11 :57 AM 
Nobari, Farid 

Subject: RE: pile layouts 

Here are my results based on rigid body movement of cap and piles: 

Normal Loading Direction (Bents 2 & 6): Compression - 2591 kN; TenSion - 1130kN 

Use above for Pile Penetration Elevations 

Skewed (Diagonal) Loading Direction (Bents 3 & 4): Corner Piles - Compression - 3362kN; Tension - 1883kN 
Next 2 near Corner - Compression - 2840 kN; Tension - 1375kN 

Use for Pile Penetration Elevations: 3000kN for Compression; 1883kN for Tension 

(Note: I have assigned a Slightly lower compression, since only the corner piles are involved. In my GROUP4.0-
analyses, Case 2, the capacity was 2800kN and still I had only 24mm of settlement of corner pile) 

Please call me to discuss If required. 

---Onginal Message-----
From: Noban, Fand 
Sent: Thursday, August 30,20019:50 AM 
To: Sircar, Partha 
Subject: FW: pile layouts 

Partha 
ThiS is the most recent set of pile layouts. 
In short: 

Bent 2 Square 6X6 normal 
Bent 3 Square 6X6 skewed (Diagonal) 
Bent 4 Square 6X6 skewed (diagonal) 
Bent 5 Rectangular 4X9 57 degrees skewed 
Bent 6=square 6X6 Normal 

Suggestion: 
Based on diagonal run of a square foundation, e-mail me back with MaxImum CompressionfTension force for all 
square bents (Bents 2,3,4,6). Then you can ask If Khenfelder has the results for Bent 5 (rectangular) or not. The 
chances are they may already have something from David and we may not have to do much. 
Can you send thiS first e-mail (for square foundations) as soon as possible? Thanks 

Fand 

-----Onginal Message-----
From: Deschamps, J.D. 
Sent: Wednesday, August 29,20011:07 PM 
To: Noban, Fand 
Subject: RE: pile layouts 

I did a bit more looking for useful Information. 

1 
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front row pile spacing 1424~2900-2900-2900-2900-1448, 7 piles 
back row pile spacing 2900-2900-2900-2900; 5 piles 

the piles are designed for SERVICE LOADS ONLY with a 50kip lateral, and 500kip vertical capacities 

. Eric Leeker 

3 
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Sircar, Partha 

From: 
\~nt: 

.io: 
Subject: 

Sircar, Partha 
Sunday, September 02, 2001 2:59 PM 
Nobari, Farid 
Maximum axial loads on Bent 5, Bridge No 22 - Legacy 

Per my calculations, the maximum loads for a loading direction of 57 degrees to longitudinal are: 

Compressive 
Tensile 

2900kN 
1925kN 

The loads usedare the same as that used for the other bents in the bridge 

1 



To: Tom Cooper 

August 21, 2001 

Legacy Parkway, Bridge Foundations 
Soil Properties 

Soil properties used for the piled-foundation analyses of the bridges were based on the 
soil parameters provided. Modifications were made where the provided values appeared 
inconsistent with other soil parameters or beyond the bounds normally experienced. 
Where changes were made, the suggested values from the GROUP 4.0 User's Manual 
were adopted. Modifications were undertaken so that there was only one soil layer ~bove 

l the pile heads (problems were encountered using GROUP 4.0 with more than one layer 
above the pile cap soffit). In this case the existing layers were replaced with a weak sand 

• designed to average the combined lateral resistance of the replaced layers. 

In general the silts were replaced with stiff clays with the same cohesion, lower eso values 
(eg 0.034 was changed to 0.007 corresponding to stiffclay), higher modulus of sub grade 
reaction, and no friction angle. 

A typical example of changes (for Bridge 22, Bent 3) is provided (faxed Table) 
1. The value of900 kN/m3 for the modulus of subgrade reaction of the top sand 

layer was replaced with the value suggested for loose sand above the water table, 
namely 6790 kN/m3

• 

2. The unit weight (submerged) ofsoi! for layer 2 (soft clay) was changed from 10.6 
to 7.0 kN/m3

• 

3. Modulus of sub grade reaction for layers 2,3, ani,1 '!tere increased from 9665, 
4290 and 107,000 to ~Q90, 5430 and 136,000I\resp~ctively, as shown. 

4. Strain eso for the stiff clay was reduced from 0.034 to 0.007. 



L.gacy Parkway 
Lateral Plla .... nalysl. 
Soli Param.lers lor LPILE or GROUP 

Structur. 
Suppon s 
Wat.r O.pth m 
Finished Grade ElevallonJmL 

22 
Benl3 

3.9 
1297.0 

Soli Borings Used lor Prolile LSB·22-437 

I Complete<:\ By; 

I Checked By: 

Layer 
>-

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

S·22·3 

Inilials Oal. 

Oeplh 10 
Depth to 

Modulus 01 Friction 
Topol 

Bottom Unll Weight Shear Sirain. Subgrade .... ngl •• Soli Type 01 Soli 01 Soil Strength 
Soil Layer 

Layer (kN/m 3
) (kN/m') qO Reacllon. k , 

(m) 
(m) 

(kPa/m) (degrees) 

Sand 0.0 3.9 19.5 · · 99ifti () 29 
Soft Clay 3.9 6.2 .~1.G 24 0.015 9~/~ ~r;I • 

Sand 6.2 8.8 9.7 · ~O.t; ~ <730 
Stiff Clav wllh Free Waler 8.8 10.3 9.7 89 ~ 1 Clkl'S"5 IL OIIJ. 

Sand 10.3 11.5 10.1 · iJ·fJp7 8.550 32 
Sand 11.5 19.4 10.5 · 25,590 39 
Sand 19.4 21.0 10.1 · · 12,810 34 
Sand 21.0 24.0 10.1 · 14,230 34 
Sanet 24.0 25.5 10.5 · · 25.590 39 
Sand 25.5 30.1 10.5 · 22.040 37 

Press Ihe "Copy" button to copy this tab to a n.w spr.adsh.el. Th. new file should be saved In the same dlrec\ory wtth the name 
"S·XX·Y.Y.Y LPILE Parameters" (XX Is the structure number and Y Is the support numbers for which this file applies. Complete renaming 
of Ihe spreadsheellmmedlalely after Ills copied by adding the structure and support numb.rs. 

~~~--~~~~~~~~~-,----~~----~----------~ 

~ ~~~~~~LJ~~~~~~~~ ______ ~;~::~:~:'~B~~="=b~m~D~" 
FAX 
TRANSMITTAL Comm,.11 

4 .... 0 

Maximum Sid. Friction Maximum Tip R.slstance 
(kN/m') (kN/m') 

Top Bottom Top Bottom 

0 25 0 3190 
16 21 390 520 
36 45 5440 6.800 
30 34 1330 1480 
55 80 9.620 10450 
82 127 19.250 29690 
101 108 19.510 20840 
111 125 22.050 24.700 
152 160 35540 37.520 
151 176 33.950 39,450 

0810712001 



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Strudure 22 
Support(s) Bent 2 
Water Depth em) 3.0 
Finished Grade Elevation m 1297.0 
Soil Borings Used lor Pronte RB·385; SC·27·341 

Initials Date 

I Completed By: 

I Checked By: 

Depth to 
Depth to 

Modulus of Friction 
Top of 

Bottom Un~Weight Shear Strain. Subgrnde Angle. 
Layer Soil Type 01 Soil of 5011 Strength 

5011 Layer 
Layer (kN/m') (kN/m'J 

E.., Reaction. k ~ 
(m) 

(m) 
(l<Palm) (degrees) 

~"NC 
1 Sand 0.0 7~ .2 19.9 111 · 18~ 1 Z.5~ 
:¥ ~y ~ ....0 ...2lUi~ 48 ~ /~ . 
3 Soft Clay 3.0 4.5 .;a'6.:-> '"'- 18 0.015 '0 " ~'Jl1 ~) 

· 4 Sand 4.5 7.4 10.1 -" · 6.420.;a ?O 31 

5 '5J..1f ~/_ Sltr'"" 7.4 11 .5 9] 50 ~ ,. 46.665Jj, )1\1)30 

6 " Sand 11.5 21 .1 10.5 -1)07 22,040 
. 

37 

7 Stiff Clay with Free Water 21 .1 23.3 9.7 57 O.OX ~I~ ~'7lID • 
8 Stiff Clay with Free Water 23.3 24 .5 9.7 76 .....-0.034 _~665 . 
9 Sand 24.S 27.5 10.5 · -(207 .2SI-;1'40)~ fll'IfJ 40 
10 ~?1 .::~ 27.5 30.6 11 .4 154 ~ ~5 ..,a.;--, 

I '005~ -z.-;U no 
';~t~·~'7: I. Press the "Copy" button to copy this tab to a new spreadsheet. The new file should be saved in the same directory ~he name .r~~~l t< .,~.~ ' ....••• , ~:".. .", (: .. / ~:1..1 "S·XX·Y,Y.Y LPILE Parameters' (XX Is the structure number and Y is the support numbers for which this file applies. Complete renaming 
~." >- t - ~,,",,~,i of the spreadsheet immediately after it is copied by adding the structure and support numbers. 

$·22·2 

Maximum Side Friction Maximum np Resistance 

(kN/m') (kN/m') 

Top. Bo«om TOR BoHom 

a 18 a 3.510 

9 12 200 270 

12 15 270 350 

28 39 4.670 6.460 

3D 42 2,450 3,370 

74 125 16.600 28.080 

55 60 1,930 2.100 

63 65 2,530 2,640 

159 177 38.570 42.910 
115 128 9,200 10,240 

OAlO7f.lOOi 



Legacy Parkway 
Lateral Pile Analysis' 
Soli Parameters lor LPILE or GROUP 

Structure 22 
SUPDortCs) Bent 6 
Water Deoth m 3.5 
Finished Grade Elevation (m) 1297.5 
Soil SonnOs Used for Profile SB-27-345 

Initials. Date 

I Completed By: 

r Checked Sy: 

Deplh 10 Depth to 
Modulus 01 Frictl.on 

Topol 
Bottom Unit Weight Shear Strain, Subgrade Angle. 

Layer Soil Type 01 SoU 01 Sail Strength 
Soil Layer 

Layer (kN/m3
) (kN/m~) E,. Reaction, k 4> 

(m) 
(m) 

(kPalm) (degrees) 

t: ,.,a#ll 
1 Sand 0.0 '1» 19.5'1f - - .~!it 36'2i 
2 S4III.CJav .l.i- .a.8' . -i&.& 

* ~ ~14, -
3 SoftClav 3.5 9.6 .4e:a-';"1 18 0.015.0iz. 3500~ -
4 Sand 9.6 14.1 9.7 - 2,870 I~ GI~30 
5 r?f;II.. -Gil+7~ 14.1 15.3 9.7 83 0.014"1 96,6651 riC 
6 'f Sand "') 

--, 
15.3 ».<t 10.1 - - (15,660 II. ' 35, 

7 Sand { 29-)\ 21.7 10.1 - IT.P.50 32P 

8 ~l'1{ SiltU~ 21.7 22.9 11.4 109 O.~ 135,665 'co 

9 Sand 22.9 26.5 10.5 . .-~ -29:'t404! ~D 40 
10 Silt 26.5 29.6 11.4 128 Q.Di3 ~ ,*'0 

1i1',~10 
Press the "Copy" butlon to copy this lab 10 a new spreadsheet. The new file should be saved In the same directory with if.e name 
"S-XX-Y,Y, Y LPILE Parameters" (XX Is the structure number and Y Is the support numbers for which this file applies. Complete renaming 
01 the spreadsheet Immediately after It Is copied by adding the structure and support numbers. 

5-22-6 

Maximum Side Fri.ction Maximum Tip Resistance 

(kNlm') (kNlm') 

'TOD BoUom Too Bottom 

0 11 0 1,600 

6 14 140 320 

14 28 320 620 

47 62 6,690 8,840 

56 60 4,530 4,820 

t..l,.. 87 110 17,690 22,440 

96 101 16,610 17,510 

85 90 6,860 7,220 .. 
153 175 37210 42420 
107 119 8,600 9,590 

oa/071200~ 



Legacy Parkway 
Lateral Pile Analysis' 
Soil Parameters for LPILE or GROUP 

Structure 
SllQIlortfs) 
Water Depth (m) 
Finished Grade Elevation (m) 
Soil Borings Used for Profile 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

5 

6 

7 

8 
9 

S-22-5 

22 
Bent", I!Y 

2.4 
1297.5 

LSB-22-438; SC-27 -344 

Initials Date 

Depth to 
Depth to 

Modulus of Friction 
Top of 

Bottom Unit Weight Shear Strain, Subgrade A!lgle, 
Soil Type 01 Soli 01 Soli Strength 

Soli Layer 
Layer (kN/m3) (kN/m2) 

e ••. Reaction, k , 
(m) 

(m) 
(kPalm) (degrees) 

Sand 0.0 r,4 ~ t.- As I~ . ,...QOO b- ~ ~'U 
~lJ..iilt- .2:'1"3. r,.. 3.5 %.tJ7.tJ 37 0§21 ~,165Z; l~'~O 
~,,"fl)z, -- 3.5 10.8 9.7 89 O.O.,¥' .JD'I' ,165 I J.~ ... 

'I 'Sand 10.8 18.2 10.9 - (POl ..32;690 ". " o.4f) 
WLlJ,,', Silt 16,2 19.4 9.7 89 ~. ~65/1 • ~o,f() 

" ( Sand 19.4 20,2 10.1 . :C;VJ 16,360 , I.~~ 35 
Stiff Clay with Free Water 20.2 ~ .; 11.4 102 ..A063 I~ 1~. I'~"O 
~ ~ ~ 11.4 115 ,cJlS.l- "'1~ • .aa 
Sand 27.5 33.3 10.5 - . 25.S!rJ" 39 

",.,"1 pc; 

Press the "Copy" button'to copy this tab to a new spreadsheet. The new file should be saved In the same directory with the name 
"S-XX-Y,Y,Y LPILE Parameters" (XX is the structure number and Y is the support numbers for which this file applies. Complete renami.ng 
of the spreadsheet Immediately aiter Ills copied by addlng the structure and support numbers. 

Maxim.um Side Friction Maximum Tip Resistance 
(kN/m2) (kN/m2) 

Too Bottom Too Bottom 

0 15 0 2,070 

13 16 1,040 1,290 

18 41 1,470 3,300 

77 125 19340 31,420 

67 70 5,360 5660 

102 105 20,970 21730 

56 68 2,660 3,190 

93 106 7,470 8,490 

168 201 39,350 47020 

08/07/2001 
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depth= -0 6 to 2.6, Sand (API) ~~~~ 
c= 0; gamma= 18 

depth= 2 6 to 3 9; Soft clay 
__ c=18,gamma=67 ______________________ ~~~~ __ ~ __ ~~ __ ~ __ ~~------------------------------______ __ 

depth= 3 9 to 6 8; Sand (API) 
c= 0, gamma= 10 1 

c:;J = 3/<:> 

depth= 68 to 10.9. Stiff clay w/free water 
c= 50. gamma= 9 7 

depth= 10 9 to 20.5. Sand (API) 
c= 0; gamma= 10.5 

depth= 20.5 to 23 9, Stiff clay w/free water 
c= 66.5, gamma= 9 7 

depth= 23.9 to 269; Sand (API) 
c= O. gamma= 10 5 

depth= 269 to 30. Stiff clay w/free water 
c= 154. gamma= 11 4 



depth= -06 to 2.6; Sand (API) ,,~"""'"'''' 
c= 0, gamma= 18 

depth= 26 to 3.9, Soft clay 
__ c=18,gamma=67 ________________________ ~~~~~ ____ ~~~~~--------------------------------______ __ 

depth= 3.9 to 6 8; Sand (API) 
c= 0; gamma= 10 1 

depth= 6 8 to 10 9, Stlff clay w/free water 
c= 50, gamma: 9.7 

depth: 10 9 to 20.5, Sand (API) 
c= 0, gamma= 10 5 

depth= 205 to 23.9, Stiff clay w/free water 
c= 66 5, gamma: 9 7 

depth= 23.9 to 26 9, Salld (API) 
c= 0, gamma= 10 5 

depth= 269 to 30, Stiff clay w/free water 
c= 154; gamma= 11 4 
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Williams, David (US) 

From: 
lnt: 
.): 

Subject: 

Williams, David (US) 
Wednesday, August 15, 2001 5:01 PM 
Wang, Fuxin 
RE: Legacy, Bridge 22 - Foundation Analyses 

Done. Outputs for the Bent 5, Transverse and Longitudinal direction; and Bent 3, 24-pile copied to your folder. Note that 
the results for Bent 2 are not the same as the ones I sent summary of before. We made a change to the input (correction) 
and reran these. The displacements and pile stresses all reduced but the axial loads were about the same. The revised 
summary is as follows: 

Bent 3 
32-pile 

The pile head displacement (mm) 15 
Tlfe -maX moment in pile (kN-m) 110 
The max stress in pile (MPa) 135 

Max pile axial loads (kN) -1250 
+2000 

Any questions, please I.et me know. 

--Original Messag~ 
From: Wang, Fuxin 
Sent: Wednesday, August 15, 2001 3:41 PM 
To: Williams, David (US) 
Subject: RE: Legacy, Bridge 22 - Foundation Analyses 

By the way, if it is hard to email. You can copy those file 
to WAN: Sacramento\wangf 
I can access there to get them out. 

Pran~ 

Fuxin Wang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 3517 

--Original Message--
From: Williams, David (US) 
Sent: Wednesday, August 15, 2001 3:35 PM 
To: Wang, Fuxin 
Cc: Cooper, Tom 
Subject: Legacy, Bridge 22 - Foundation Analyses 

Frank, 

Summary of results for Bents 5 and 6. 

1 

(Natural Soil Profiles) 
Bent 2 

24-pile 32-pile 24-pile 
20 30 40 
140 260 345 
165 220 275 

-1350 -1250 -1400 
+2300 +2000 +2300 



As before for Bents 2 and 3, the results for the unimproved soil are acceptable for all configurations and thus we 
did not investigate ·soil improvement for these foundations. Again note the high axial capacity requirements 
(required to resist the high overturning moment). This may detenmne the requirement for number of piles, and 
soil improvement will have negligible effect on the axial load condition. Again, I believe the pile length will be 
based on axial tension capacity for seismic-induced plastic moment. Assuming this can be met (and I think th is 
will be a challenge), then the 24-pile arrangement is satisfactory for the 28' square footmgs and the 36-pile 
arrangement is satisactory for the 18' x 36' footing at Bent 5. 

(Natural Soil Profiles) 

The pile head displacement (mm) 
The max moment in pile (kN-m) 
The max stress in pile (MPa) 

Max pile axial loads (kN) 

Any questions, please let me know. 

32-pile 
50 
180 
170 

+1900 

Bent 6 
24-pile 
70 
240 
220 

-1350 
+2200 

Bent 5 (36-pile) 
Trans Long 
20 10 
180 190 
200 170 

-1500 -1800 
+2550 +1700 

Regarding GROUP output, we have several runs for most bents. Do you want output for all cases? 

David 

--Original M~ 
F~: VVang,FUdn 
Sent: Wednesday, August 1S, 2001 2:08 PM 
To: Willla{llS, DaVId (US) 
Subject: group 

David, could you email me the output file for the 24 and 32 pile 
group analysis you did for bridge 22 

Pran{ 

Fuxin Wang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 3517 

2 

-1000 



PARSONS BRINCKERHOFF 
r~ COMPUTATION SHEET 

'00 
r EAA&« 

Page _n ______ of ----- _____ 1--' _-..J 

Made by __ :_~------------------------
Date _____ fj!f2/-Ql ________________ ____ _ 
Checked by _____________________________ _ Subject ____ £.~~--fcyj~J~J.~-,--~~~---7.:~----------~--a- . ])eYt' t--.~-----""-O 

_____________________ t~ _________ ~-J------------------------_: 
Date _________________ _________________ _ 

'PJ~ ~ ~ (~""'~ ) ~~~~ 
31" ~'Ie. ~/r0~ 

+Jwl'~_ ... ~[~~) er~"' (? (,- (011)' .:'21/ ( ~ 'Z.-1) 
"'V-~(1. '24-- ~e.. 
~~ ~ oV 11 ) . .~~ (. 01) loS?) , 

/ 

H'A-tt-.J( LkN'~) lID r~q 

-r L44x (HPa... ) I~t) (btl-

~-- tiLN) -1UO ~/"}<J 

+ (k-N) '1'170 2." 10 

,- /'l.'.;10 - 1310 , 

'1 go ?-7,,:foo 



depth=< -0.6 to 3.3; Sand (API) ,~,,~~"" 
c= 0; gamma= 19.5 

depth= 3 3 to 5 6, Soft clay 
c= 24; gamma= 7 

depth= 5.6 to 8.2: Sand (API) 
c= 0; gamma= 9.7 

depth= 82 to 97, Stiff clay w/free water 
c= 89, gamma= 9.7 

I 

••••• 

depth= 9.7 to 10 9; Sand (API) ¢ =-- ~ Z, Q 

_c= 0, gamma= 1O.1------I----------_.-tt-....... -IHR_--------------------
depth= 10.9 to 18.8; Sand (API) 
c= 0, gamma= 105 

depth= 18.8 to 23.4, Sand (API) 
c= 0, gamma= 10.1 

------------------------------~~~~.--------------------------------~ depth= 23.4 to 29.5: Sand (API) c:.. 
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depth= -0.6 to 2.6; Sand (API) ,~~~~~~ 
c= 0; gamma= 18 

depth= 2.6 to 3.9; Soft clay 

_c= 18. gamma= 6.7--------------.... -11-........ -111---------------------
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c= o. gamma= 10.1 
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c= 154. gamma= 11.4 
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depth= '-0.6 to 3.3. Sand (API) ~"'''''''''''''''''''''' 
c= 0; gamma= 19.5 

depth= 3 3 to 5 6. Soft clay 
c= 24. gamma= 7 

depth= 5.6 to 8 2; Sand (API) 
c= O. gamma= 9.7 

depth= 8 2 to 9.7; Stiff clay w/free water 
c= 89. gamma= 9 7 

depth= 9.7 to 10.9. Sand (API) 

••••• 

_c=0;gamma=10.1 ______________ ....... -II-....... -II-___________________ _ 

depth= 10.9 to 18.8; Sand (API) 
c= 0; gamma= 10.5 

depth= 18.8 to 23.4. Sand (API) 
c= O. gamma= 10.1 

depth= 23.4 to 29.5. Sand (API) 
c== 0; gamma= 10.5 
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depth=,-O.6to 2.6; Sand (API) ~~,,~,,~ 
c= O. gamma= 15 

- - - - - - - -= -depth 2 6 to 2 9' Soft clay 
depth= 2.9 to 10.2; Stiff clay w /free water 
c= 89. gamma= 9.7 

S -::. 0/007 

depth= 10.2 to 17.6; Sand (API) 
c= O. gamma= 10.9 

depth= 17.6 to 18.8; Stiff clay w Ifree water 
_f"- 1'10 nnrnrnn- 0 7 

depth= 18.8 to 19 6; Sand (API) 
- r'"_ n· n,..,rnr"nn_ 1 n , 

depth= 19.6 to 26 9; StIff clay w Ifree water 
c= 108. gamma= 11.4 ~ 

f'<::, 
...(, -. ...,. 

t 

depth= 26.9 to 32.7; Sand (API) 
c= O. gamma= 10 5 

}' cr,:-
t:;' -., 
~ 

""-.r 
f'Io 

} 

~ 
.. ~ 

'.f C;; 
-;,,-
I 

I'~"'" ~ 



Deflection (m) 

o 0001 0002 0003 0004 0005 0006 0007 0008 ,-~0.OO9 
I I I I I I I 

~---------------+--------r-------~-------4--------+-------~------~~---4~Su~Group#1 

o Sub-Group #2 

D. Sub-Group #3 
~ ______________ -+ ________ t-______ ~ ______ -4 ________ +-______ -+ ________ r-__ -10Sub-Group#4 

o Sub-Group #5 
o Sub-Group #6 
o Su~Group #7 

r-------~-------+--------+--------r------~--------+--------+--------r---~OSu~Group#8 

o Su~Group #9 

Legacy - Bridge No 22 - Bent 5 • Transverse 



o 
2"' 
I--

I-
l-

I-
I-
I--

I-

""" 

( 
-::;:;;-

l, 
~ ~ 

~ 

00 

r- ~ - II 

o -l-
I-
l-
I--

N .... 
l.-

I- , 
I--

g ::!: 
0;9 l-

g I--

l-
I-

\0 -
I--

l-
I-

00 .... 
'I--

~ 

N 
N 

~ 

\0 
N 

00 
N 

l-
l-
I-

l-
I-
l-
l-

I-
I-
l-
I--

I-
!-
l-
I-

l-
l-
I--
I--

I--

I-

• 
I 

I 

I 

I 

I 

I 

:. 
It 
I» 

• , 
II 

It 

A [) ,I 
q \) L) 

Moment (kN-m) 

20 40 60 80 100 120 140 160 180 
T I I I II -I I IT 1 I I I T TTTT T -

""----.. 

~--~ --

I 

v Sub-Group #1 

o Sub-Group #2 

a Sub-Group #3 

<> Sub-Group #4 

o Sub-Group #5 

o Sub-Group #6 

o Sub-Group #7 

o Sub-Group #8 

o Sub-Group #9 

Legacy - Bridge No 22 - Bent 5 - Transverse 



Load(kN) 

o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 
o TI I, IIII IIII r If -I I I I I I I I I I I I I I I I I I I 

~"'OjI r--
i-

-., 
~ I- ~ i- t--

""'" 

~ I- ~ l-

-o 
o 

'" 0 
0 

! ~ 
"d 

0 

... e 
j 
0. "" .~ 0 

Ci 0 

~ 

i- " ~ 
~ l-

e- ~ 

~ '-

- '\ 
~ -

I-

-
I- '\ ~ -

0 

t-
O 

- ~ ~ ;-

'-

0 

00 
0 

-

~ ~ 
-
-

0 - \, '\ 
- \, 
- I~ Curve #1 
I-

[J Curve #2 

Legacy· Bridge No 22 • Bent 5 



depth= -0.6 to 2 6; Sand (API) ~~~~"" 
c= 0, gamma= 15 

-depth= 2.6 to 2.9; Soft 
depth= 2.9 to 10.2, Stiff clay w/free water 
c= 89, gamma= 9.7 

depth= 10 2 to 17 6; Sand (API) 
c= 0, gamma= 10 9 

_~-AO nnmmn-07 _____ ~----------------------~~-~_I-----------------------------------------------depth= 18.8 to 19 
- '-'_ n· "',-,rnf'Y'\n_ 1 n 1 

depth= 19.6 to 26.9; Stiff c/ayw/free water 
c= 108; gommo= 11 4 

depth= 269 to 32.7; Sand (API) 
c= 0, gamma= 10 5 
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depth:: -0.6 to 2.6; Sand (API) ~,~,,~~ 
c= 0, gamma= 15 

-depth= 2 6 to 2 9; Soft 
depth= 2 9 to 10 2, Stiff clay w /free water 
c= 89; gamma= 9.7 

depth= 10.2 to 176, Sand (API) 
c= O. gamma= 10 9 

depth= 17 6 to 18 __ ~-~O'nn~~n-O!~_~~ _____________________ ~ __ ~ __ ~~~ __________________________________________ ___ 

depth= 18.8 to 19:~'''';~';;;;''':'''';;''';'~ _____________ H .... --t ..... _____________________ _ 
-1""_ n nnl"Y'\N'\""_ In 1 

depth= 19.6 to 26.9, Stiff clay w/free water 
c:::: 108, gamma= 11 4 

depth= 26.9 to 32 7; Sand (API) 
c:::: 0; gamma= 10.5 
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depth= -0 6 to 2 9, Sand (API) ~ ~"""""" 
c= 0, gamma= 18 

depth= 2.9 to 9, Soft clay 
c= 18; gamma= 6.7 

depth= 9 to 13.5; Sand (API) 
c= 0, gamma= 9.7 

depth= 13.5 to 14.7, Stlff clay w/free water 

-----

__ c=83;gamma=97 __________________________ ~I_~_t~~ __ ~I_-----------------------------------------

depth= 14.7 to 21.1; Sand (API) 
c= 0; gamma= 10.1 
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c=o, gamma= 10.5 t "'" ~ ~ ./. 
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depth= ~O 6 to 2 9; Sand (API) ~"~"" 
c= 0; gamma= 18 

depth= 2.9 to 9; Soft clay 
c= 18; gamma= 6 7 

depth= 9 to 13.5, Sand (API) 
c= D, gamma= 9.7 
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depth= -3 to 5.1, Sand (API) 
c= 0, gamma= 20 3 

depth= 5.1 to 7, Sand (API) 
c= 0, gamma= 19 9 

depth= 7 to 9, Soft clay 
c= 18, gamma= 6 7 

depth= 9 to 12, Sand (API) 
c= 0, gamma= 10 1 

depth= 12 to 16 1, Stiff clay w /free water 
c:: 50, gamma:: 9 7 

depth:: 16 1 to 20 5; Sand (API) 
c= 0, gamma= 10 5 

depth= 20.5 to 22 6, Sand (API) 
c= 0, gamma= 9 7 

depth= 226 to 25 7, Sand (API) 
c=O, g amma= 105 

-J'- , 

i ()( 
1 

~ 2-0° , 
: 

53° 

-
31° 

--
37° 

r 

)0 
0 

I 

~ 4!0 f 

1 

: 

. 
, 

\ 
" 

"-

, 

i , 
\ 

" , 

\ 

~\ 
" ') I' 
"/ 

)S7t> 

\$35'00 

g\A 0 

k420 

t 3£ D 0 a 

:S~'tO,", 

543D 

r 



depth= -0 6 to 2 6. Sand (API) ~ """"" 
c= O. gamma= 18 

depth= 2 6 to 3 9. Soft clay __ c=18:gamma=~7 __________________________ ~~~~~~~~~~ ________________________________________ __ 

depth= 3 9 to 6 8; Sand (API) 
c= 0; gamma= 10.1 

depth= 68 to 10.9. Stiff clay w/free water 
c= 50; gamma= 9.7 

depth= 10.9 to 20.5. Sand (API) 
c= 0: gamma= 105 

depth= 20.5 to 23 9, Stiff clay w/free water 
c= 66.5; gamma= 9 7 

depth= 23 9 to 26 9: Sand (API) 
c= 0, gamma= 10.5 

depth= 26.9 to 30; Stiff clay w/free water 
c= 154; gamma= 11.4 
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depth= -0 6 to 26, Sand (API) ~,,~ ~"',," 
c= 0, gamma= 18 

depth= 2.6 to 3 9; Soft clay 
__ c=18;gamma=67 __________________________ ~~~~~~~~~~ __ --------------------------------______ __ 

depth= 3 9 to 6 8. Sand (API) 
c= 0, gamma= 10.1 

depth: 6.8 to 10.9; Stiff clay w /free water 
c= 50, gamma= 9.7 

depth= 1 0 9 to 20 5, Sand (API) 
c= 0; gamma= 10 5 

depth= 20.5 to 23 9, Stiff clay w/free water 
c= 66 5; gamma= 9 7 

depth= 23 9 to 26 9; Sand (API) 
c= 0, gamma= 10.5 

depth::; 26.9 to 30, Stiff clay w/free water 
c= 154; gamma= 11 4 
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INTRODUCTION 

LEGACY PARKWAY 
BRIDGE 23 SEISMIC DESIGN STRATEGY 

REV2 

Seismic Design of the bridges for the Legacy Parkway project is primarily based on AASHTO, 
amended by project specific design criteria, which addresses Issues not specifically accounted 
for by the AASHTO code 

GENERAL STRUCTURE DESCRIPTION 

The structure is approximately 190 m long With three-spans (55 0,798, and 53.2 m) Three of 
the supports are skewed, With a maximum skew of 25 degrees at Bent 3 The substructure 
consists of short seat type abutments and multI-column b..,ents ':"1,th non-Integral caps. The 
abutments are supported by two rows of concrete filled steel pipe (410 mm diameter x 10 mm) 
piles. The columns are octagonal with a long dimension of 1830 mm. Each column is 
supported on individual pile footings, using concrete filled steel pipe piles The superstructure 
consists of built up steel girders made composite With a concrete deck. Superstructure girders 
are tYPically supported on pot bearings or elastomeric bearings. 

LEVEL OF PERFORMANCE 

ThiS structure is designed as an "Essential Bridge» under the definition proVided by AASHTO 
(DiviSion 1-A). The seismiC performance of the structure is "Serviceability", follOWing minor 
repairs, which may be required, after the event of "DeSign Level Earthquake" 

SEISMICITY 

The structure IS designed for PGA = 0.69. AASHTO curves for Type III soil are used to account 
for SOil amplification. 

SEISMIC BEHAVIOR 

The seismiC design strategy for this structure consists of 
• Fused lateral load transfer to piers, via bearings 
• Superstructure sliding over support seats 
• Bearing restraints at designed seismiC gaps. 

The strategy includes strength design of bearing connections to resist service loads such as 
wind, and braking forces, as well as a qualitative assessment for more frequent seismic 
loadmgs. In the event of design level earthquakes, the bearing connectIons are designed to fall 
and therefore act as a fuse limiting force transfer to the substructure Bearing lateral restraints 
are proVided at designed seismic gap values (500mm to 600mm), both longitudinally and 
transversely. The sliding fused bearings will reduce seismic lateral loads to substructure. The 
restraints will prohibit unseating of the girders. 

Over a Century of 
Engineering Excellence 1/2 
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Upon failure of the bearing connections, the load transfer through the bearings (i e friction) is 
conservatively assumed to be 40% of vertical dead load acting on the bearings. This 
essentially establishes the upper bound of expected seismic loads applied to the substructure, 
which is well within capacity of the pier columns (1.5% to 2.6% longitudinal reinforcement ratio). 

The "fused" bearing behavior results In superstructure sliding over the girder seats, for which 
adequate width IS provided to prohibit unseating at the abutment. At the abutments, and 
primarily in the longitudinal direction, the backfill sOil provides additional resistance strength to 
limit the extent of superstructure movement. In the transverse direction, at the abutments, the 
bearings are allowed to be fused and slide over the pile cap, with restraints at specific design 
seismic gap values The objective of the strategy at the abutments IS to limit load transfer to 
the substructure piles and prohibit their damage The strategy at the abutments, allows for 
failure of backwalls to mobilize the backfill resistance in the longitudinal direction. 

Fused behaVior of the bearings IS conservatively assumed to correspond to 40% friction force 
transfer 

EXPECTED DAMAGE UNDER DESIGN EVENT 

Due to the expected fused bearing behaVior at the superstructure - substructure interface, the 
majority of damage will be localized to the bearing elements and restraints. Damage to the 
abutments Will be limited to backwall failure. The entire superstructure IS expected to displace 
on the supporting abutments and bents, however unseating Will not occur. 

The expected inspection and Immediate repair which may be required, following a design level 
earthquake, Will be centering the bridge near it's original position, and temporary repairs over 
bridge jOints to allow for traffic. While the bndge can be opened to traffic follOWing the 
Immediate repair tasks, follow-up repairs can be performed to replace damaged beanngs 
connections, and bridge JOints. 

Table 1. Expected Seismic Performance 
Abutments 

Beanngs 

Columns 

Foundations 
JOints 
(Structural) 

Over a Century of 
Engmeering Excellence 

• 
• 

• 
• 

• 

• 

• 
• 

Damage to back-wall possible 
Maximum superstructure longitudinal displacement -
600 mm 
Essentially elastiC pile response 
Fuse at 40% vertical dead load, with shear 
keys/restraints with 500mm to 600mm seismiC gaps 
Fuse feature at abutment, may reqUire bearing 
replacement or repositlonlf!9 
Cracking and spalling. Repair by epoxy injection 
Bearings to fuse. 
Piles remain essentially elastic 
Moderate damage requiring minor repair such as epoxy 
injection of cracks 

2/2 
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Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 23 
Support(s) 1,2 
Water Depth (m) 1.5 
Finished Grade Elevation (m) 1295.4 
Soil Borings Used for Profile RB·365; SC·23·290A 

Initials 

I Completed By: 

l Checked By: 

Layer Soil Type 

1 Soft Clay 

2 Soft Clay 

3 Sand 

4 Soft Clay 

5 Sand 

5-23-' ,2 LPILE Parameters 

Dale 

Depth to 
Depth to 

Topol 
Bottom UnilWelght 
of Soil of Soil 

Soil Layer 
Layer (kN/m') (m) 
(m) 

0.0 1.5 18.7 

1.5 3.0 8.9 

3.0 8.7 10.1 
8.7 10.1 9.9 

10.1 15.0 10.5 

Modulus of Friction 
Shear Strain, Subgrade Angle, 

Maximum Side Friction Maximum Tip Resistance 
Strength (kN/mz) (kN/mz) 
(kNlm2

) £". Reaction, k ~ 
J (kPa/m) (degrees) 

Top Bottom Top Bottom 

60 0.020 63,665 · 0 6 0 220 

60 0.020 63,665 · 6 9 250 360 
. . 17,070 35 19 46 4,020 9,610 

27 0.020 14,165 · 24 28 1,200 1,370 
. . 22,750 38 58 84 13,120 19,100 

10/11/2001 



Legacy Parkway 
lateral Pile AnalysIs 
Soli Parameters for LPILE or GROUP 

Structure 
Support(s) 
Water Depth (m) 
FInished Grade Elevallon (m) 

23 
3,4 
21 

12979 
5011 Bonngs Used for Profile SB-23-290C, SC-23-291 

I Completed By 

I Checked By 

Layer 

1 

2 

3 

4 
5 

$-23-3,4 LPILE Parameters 

1000Iais Date 

J 

f 
Depth to 

Depth to 
Modulus of Friction 

Topor 
BoUom UnitWe'9ht Shear Strain, Subgrade Angle, 

5011 Type of 5011 of Soil Strength / 5011 Layer 
Layer (kN/m3

) (kN/m
2 j Eso Reaction, k 4> 

(m) 
(m) 

("Palm) (degrees) 

~ILL-- './.1.'1'\ ; 50 ,6'5" '3 -£.. 

Sand 00 21 199 c:l- - 13,050 32 

Soft Clay 21 50 97 ~ 0020 63,665 -
5111 50 98 100 40 0020 33,665 31 

Soft Clay 98 126 108 24 0020 9,665 -
Sand 126 150 109 - - 32,690 41 

Press the "Copy' bulton 10 copy this tab to a new spreadsheet The new file should be saved in the same directory With the name 
·S-)O(-Y,Y,Y LPILE Parameters" (XX IS the structure number and Y IS the support numbers for Which thiS file applies Complete renaming 
of the spreadsheet immediately after It Is copied by adding the structure and support numbers 

Maximum Side Fncllon Maximum Tip Resistance 

(kN/m') (kN/m2) 

Top BoUom Top Boltom 

0 16 0 2,950 
11 18 640 1,080 

21 35 1,700 2,870 

25 31 600 760 

88 104 22,220 26,140 

10111/2001 
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".... . A: F,nllh.d Grad. EI ••• hon • top 01 aj>pro.dI .Iob efev.bon at ~butrnont JocaIJcnS .nd adj.bo<ll QAAJn<i oto .. olon al bent Io<oIlOl'lS a •• ~ 6n \h, .lrucIurll>\an lind P,ofile """""11 p,oviclad 

II Bottom or I'll. C.p EII.aUDn ' EIa •• bon .1111. bo~om a/Ill. plio cop as ,calfd Itom IN .Inti.r, Plan and ProtH dr.wv\g pc'olild.a 

N 
t:.t EI.v.allon of Esbmal.d P'M 

lI.uUII P"n. Tip~.rU,.,.ot 

~'I 1 .... 1 

12151 4 

C· Estlmat.d e:mb,l~~.nt Hefaflt· ~V'.lron cIIrr.,nc.- b.lWe.n ..,. lop 01 the ipptDich Jrab and fhe nallv' grOUnd surfae. If the .bulm4nt.s jured from tttl 5lNdUf~ pw-. &nd pror ... drawjng' Pfd'tidid 

o Targe.t PII, TIp fi.vallon - EsUm.,.d *Ie\taltan (D ~dt 1M bO(tom of Ul. prJ. 'Nii "ltd 10 b4 driVIt'i to dlVt:lop Ih' ... quir.d eapat..t,. and meel the .. lUamenl c:nlana (Addillorial d'plh mar b4 "qwelt Ia tlillaCh r.qw.d r • .sldance dui'1f'Ig' dn"'ng ) 

Minimum p,l. Tip EI.v:atlon - 'Esl.mal.d ItPnNTItJm ele..,alloo 10 whK:h Ih. bollom of tht pd, Wli need to tt. dtiven to meet s~",ement. mlOlmum langlh. or nvnlmum dt1plh coleria .Ihoukl the r.qulled driVIng rellJtl~ b. obtained abov.lh. Tilrgel PII .. rip 

F Sorvlc. Uplift Load Rulslanc,' (UI""'.,. FIIcIIon R ... II.nco)lIFS~2 25) Por common' ,tsoJu\Jon rn .. iJng wo1h UOOT (8115101) 

G Setsm,e Ccmpre:sllof1 RCiiat<l{1U -= Ullmal. Fncuon lind End aeaMQ R''''tJ.nQ negltding \hI tonlObu\IOI1 of po\enbalt!iquef,able ZOO.S {MSHTO a.owslh. us. 0' th. ultnna18 resls1anc. yaNes 10 ,.,111 I.'true loads J 

II S.IIM'C Uplift Rutstanee :I UtlImilit. Fncbon ResillanCl ".gl.dlng lI'1. contnbubon of polllOUafty IIquebble zones (AASHTO dow, the us. 0( U'\e ul\ima\. friCbon JUISlanc.a value \0 ,esiR J4nSfnl'C lIpl.R loads) 

Sc.t\'lu load fOl + LLI e Th. mUU1lum 10K tn;,1 Cln be applied lithe lop af lhe pdt by thl slnJc:lure proyldld Ihe pile Is driven 10 Ihe Issumed capacrty 

J R_quire4 Drtvlng Auf.lance e Th. n'IInImvrn Io_d (I~ Io.ad x 2 25 Of' "qUlr.d •• I.lTUC re,..,lanCIS pCul _,Umaled los. during IIqu,flcbon, whld1e .... r IS grUIer) that musl b, nr,litd 1l'I1h,1ia1d b,. POA 

1\ Esllmll,a 1'110 llnllU, 'H/ fIn -lh. IIlImiloa langth 01 pi. ,oqulr.d C.lcula,ed IS (SoHom 01 p~. Cap •• ,lim'"d Tip EloviLOn) r....,od up 10 th. n ...... 1 m.I., IAcl~ I,ngth, may vary dopendlflg on dnvlfl\) 

_cil!on. oncGli\lorod at .oc:I\ pM 1oea1iOn) 

L' EsUm.bcJ Swcrutal Load In Ihl PUt. 'fui £aC'jtt-I( load \hal will de",.1op k1 ~ pile ctu. \a itn.c\LOt Sef\"I(!l d.ad loW, ~ drag "'adl Thi. Jold DCaKI ,t \I'll n.Ulfaf pla"_ where '~I.brlum ' ..... :lls b~kv .. " .,. I~ of IN: downwmd aa..ng 

p«rnan.nt laid (S.rvKa load) appl_d alll'l. lop of lhe ptle and CIr:a.g load du. 10 "'gaII'U Ibl fridlon .in4 Ult surn at up¥IVd. acbng poslb.,e man. ,..",\anc.. and mcbillld tOo' rUlltlnc. 

M·, e,"mated fln.allon <I' Newtt.al Plan. ~ The "vel 111 V'l' &kle wh«l ufabvi mov'fMnl betw •• n Ill. PIl« aott lOt'll. utO 

., £"UtluC.d Pd. 'tip 5.lUem.n( • The tnagtVlUdt 01 pdillpi ietlJ.menl raquiraU to rnob;b, eSlirnal.d pt'" lip lOad', Thts ~I not ndud'e .Iasbc comprUJIOf'I of th. pll' • 

• ......".:n .... ,_ •• I)0, ........... ,., ... .o,. 



UCi.ACY ~AJUCW"Y 

".,oalE 11 
".LlE;cAPAC(T"{ .tU"'~My6"'r olOt ... "("- J ,,., 

"nE.ll) Sr"!'t+G1'H ...... »P. 

.. ~ T~t G""P('h"lc.fC.~~, p" ,..,,. r: ,!o • .s-""K;.l~ 
, r ... vu :s:.mc. loM F'PoYtdtd by Srudur" !J'Ip"' •• } 

\.oc .. , .. " flnl.hoed o,w-. tlO«.,.., of"n-
1."'''''''0,. C.,I."y~ 

(~l /'"' 
Br'~" ll. Abutment .. 1307.4 1301 Z 

8ntIg" 23 ,',bul",.nl 4 SB·23-~90C:; lSB·23-4-45 

3503 

o 
bc .f.~.n'''' (.1I",lt.d P'I" 

MIlo..,,,,, Tip .EJ.V.ltu," , .. , 
''''' '.0 IlIU 

Dn,rlpl/ofJ 01 Jnfonn.flon ",,.~.n"d In E.clt CoIu",n \... 

UI",,,,,,,,,,,,, .. 
Tip EhvellO" 

'm' 
1211 0 

""lef, 0 ... 

[ Cornpf"l..,J 81 NI.\ 5h.doL 
I RI8",,",eodBy" ~ ~"l'(O"l-

o 
c..""'lc.Upllft. 'hqull'"td "'I.~o ~1'Y\oa·l.·d Ihq.'"d Drtvt"9 ['" PI .. 

lllPU JI •••• t."c. COI'I"'f'".'''",)1 u,.IIf\ 
,0\. .~\.) ......... nc. Le"""" .fllil 

''''I ...... 1 .. ...,.. (U4) ,. •• I.t."" (,,)4) tkM) ,"N) ''"I 
&n lilA 1 HIA 1,557 3,54' 70 

A. 'In' .... d Gr.dt l'wv.lJoft Tap oI.ppro~ slab ."vIIIIOf' _, ttiu\mfll'lt lOCl1l'on, enel Idjeoenr 9round .'.-vltlo1_' tiM' ~,t,OO"tJ IS show" Qr1 '1"1, 3~1II'" '1,1'11 ,"'d Profile- dt""lnQ I)tOYt(ft\1 

• 8ot\o," of po .... C.p e\e..,..~,. ~ ellv'tlon at the bonorn of Ihe pil' c::., on 5c:al..:1 'rem 0'. ,""Clut, Pl,n .nd pft)lir. dr."""n; pro ... ,d", 

L 
1..11,.,..1<14 W.'n,o", 

'I",~ur"l .. d In PI'" ,l."', 
(kl""fc. Lt .... Or .... V.'" 

2,117 

C E.n",.t8d Emb",._".,.nt H.lght .. e'ev.tIOtt dlfferenet tII'NoM" 1fI_1Dp of ".,. Ipp",.d\ sl.b tnU U\t nJI,I", 9I'ouM &\Jf't.CIt It1lhe .Ilulment ,S sCll&O "om Ute strLlCW", Pl.n .rllf Profi .. drlWfl'lg D"VVIded 

II H 
E ... £ ...... I0I0 .. 0' l .• '~.4"". 
~1nlt.,./p,- t1p ... n .. ~1"11 , .. , I-I 

Ulll 1 

D bU""'lId PRe Tip E'.v.tlon - es.(lm'ted -t(t",ation. to wNeh 1h, botlOm eftha ph wll need 1" be dnV'le'r\ to "'enbo the f'liQlJlred u~.e'ly .nd mlMlt Ill. lelUel'l1llttl ctH.rt. (Ad'Olbon.' depd't"'-r M ,..,qu'rM \a' ruc:h ",qulnsd r.~sYI\C.41.t11n9 o,"Y~ ) 

E! M'n'mum PI,.. Tip £!i.v .... ~ E"lIm.t.d "."I"""rr'I .. .",..clofl to _"'Ullhe bou,,", of rhe pa. will nHd to be driven to "'44t J.ut."""",'l. ",lnlmom leI'lV~. or mint""""" dep'" trltel'l., ~OUJt tM rtQu.rtod dl'M"'SJ 'H'l-blne_1M obUtI"ed above: tnc T.rge« 1',.,1.p Elf".'" 

~ s.,..,\c. UpM load ..... I.t.&ItCIII • {l.JIU",''III Frieborl ~1.~ncc)'t~S"1.2S} p .. COt\"ll'l'enl ,..oIUtl'CWI meeal'1q wllh UOOi (11161(11) 

G S4-1.""c COMpt ... IOf\ A._,ln.Ae:. ~ I.)flJmlw Frit:tkrJ and End 8"r\ni Ra ... \a~ 1'\~1~1'I9 tl'l. ~burton of Jlohtntlany Ilqu,...bte Ian., IMSIoiTO 8110-. th. liM at"". ultimate ,...fI'anC'W .... ,""" 10 '*lIst ,1 .. ,,,,H: 'o.ds 1 

H' ,.I;""c Vpnrt. R.,J,c.nQt • Ultima'. ftl:ctlon "'",,'inct. f'tg'IW;tlrlg 8M! cantribullOn d potan"'''Y "l1u.tl.bkJ tOft" (MSHTO .flow, ItIe ".,. 01 ttaiIJ u",m'(1 r!fellon ,HI.tance ... allle to res".t sen.f'l'1'(. ulllfft. Io.<ls , 

I SotrA'toIi \oa.d tD\' • Ll) Tl'if "'IXWlum 100d ""1 Can M .~ad .t IN lop 0( 1M: pde by Ihe thJctur, pfOvf6ed ttlt pJJa.& driy.,.. 10 (h, .a''',m-.d ~p.¢ty 

J Req'",.d Drlvlnv R.,I,lane:. - The mll"ljrnum load {.et\t",e Io.d':. 225 err I'8qlJllntd U.m&C resla(.nc:. p1us UWUltd loss dvrIrog lkl,,,.facrion whM:l'1ever II g""(,,,, Ihlf: must bl yeMred '" !hI ri~hf by POA. 

I( [.dm.ted ""_ Le"vth .,1 Ftll- The _~te<ll~P\ of pqf:,..q~ CtrC"IJiled'lL (BOftom or Pile CJp • £ltJrnolJlttd Tip Ele",.llor'I) r'OU"d.d ~ til 11'1. "ecre::Il rr1der (Aclu_' lengtns m.y v'ry dtt'lndtn-) Oft drllllMg 

condltier'lll enecunlerwd .t .. ch ple loCMiOr'l , 

l' hUm.ted Strvctw,.' Lo.d In lhe PII ... Th, 'arpHt IO,(f that w.n d'WYtlOO I" lh. ptl. due ta l.-uctunl Jtlf'M:I!: dud lO.ds and (lrtg IOMS. ThIS loJId occun -w: ltIe neutn( pl.". wfln ~ullibriu"" ",'st" b~""" Ih« sum d thl!' dCI'IIt'I'TWard .cllng 

perm."ont 'oad lurvlci fOld) IppJled It the top of Ul, ... plt1. 'Ifld dt'1'i k\td ~ \0 ""0'11 .... ,\un ,hC'tIon.nd me lum or up..."rd .dI~ ~Ifi,,", sl'll.ft 'UISUnc:. III'\C1' rnoblh:fJd 1M nlSI,,,,,ce 

M hUm'~<I El4lv,UOft 0( N4H.11r.t P\.f\t .. rht tt¥ellJ'l 'tl'I. pill wh.,. nI.1iYe rna"eme"t ~~ 11'1. pIle and soil ... lerv 

N i.-lIm.ted Pl""lp .s..H~n16 7"e 1'I1A9"ltuCl. of pde liP ae«l.",1Mt tl(l..Hred to rnoblhte utl",,_led flile Iip""dS Tl'IlS QOoM (\0\ l"'duG. _1.,tIc COM'pJtlSllon Qf Ihe p'~e 



LEGAt:, 
ecUDGE !J. 

piLE CAP"ACltY .t1J,.Ut"AaY ... "PP (.C(d.s, ii'" X 3.11."1 

YIELD lmtErlG1il ~ IU ~'P. 

e-2 TII/Y'!'l G",r..ml:Orc..,.,;,y".r Pl!: IZ.l5.<SllrViaf tON): 

8.(J Til&! G«>!rdv>'.-aJ c.p.D'Iy"", Pi\> 12.2.5>5'M*" l.,..q: 

(Ta",' ~ loO<lPRrMelf6y .-..aJErsm..., 
B 

lucaJ:ion ffnished Grolb Bottom llC Pill! 

Ellt'liiIJjPtl C;.pEltntion 

[m) 1m) 

Brlllge Zl. BellI 2- 12BS.a Ut2.2 

Mllge 2~. Sent J 12:91.5 1294.4 

$C,2:j·2SDA;SB·2J·281; LSB·2l-44l 

1,4i1 
i,fOO 

c 
Bt.E .. ]""bn. 

lIelght 

(In] 

iliA 

iliA 

D 

E>limlled Pill 

l1J!:Et ... Ii .... 

(m) 

1.2'2-5 

127&..4 

Ii: F 

lIi ...... ""'Pii. IaMe«Uplift 

lipEltno~ Loi.~ Roslo:t.tncl 

[m) (lilt 

1273,! ~7J 

t27U ;iZI 

InlUll !!<II. 

c..;plcltd &J: 1Stw\ SJtfOz. 
R.-.iewodltr. C<..- ~l '1{~ "\.-

K J K L 
I!tquh.d: s.amle :8e:(Y\0I)ua4 lI.~u\ .. cI Oitrinll EJLPil. &1i<nlUdIolIXlmum 

CDm.pfutilDn lI~n (DUlL] RUltt",,, LangthvdflU 31_~ .. II.D.d I" P;lalkWI 

Ruitll ... r.u1J RulOllnOllkllJ IllI) (114) 1m) (s.,..; .. bod .. 0,,9' Loiidt 

1,l173 U6 S56 %.0611 20 1,319 

1,581 533 439 t.7~1 15 1~14 

~r;rf[>ffall Dr {nfonnaUOll Pre!1ellfe<1 in Each Ca/t/lllll: 
A: ~inr.h.<I (;,.<1, EI.vallo" - Yep of "PP"or.lullb ol ... Uo., olaW,.".nl 10",,00.> • .-.:1 Idj,"'AIlIround IIBYatie" II ben! \Qcafou anhC\WJ on lIu> ,rrurollB Plan and FI~fi'e dra";r-Q p:uvl:P-d. 

B: Bulb:lm all'll. c.p Elention. EJeY8Uan 111 the 1>o1l0m allht pl. cap "uea~d hom Ibulnltluia Plan....s PIOIiI. dRl'oWIg F,o>fded. 

c; e.Hmal4<l Ernh.nl<monl Helght- EI«v,lion tlffi" .. n"", U\weolllh~ ~ al tho oW.adlOl.b .nd~' nlli> ... gn:.<.lY.ll1llfa:B al1l1e abulmer>l al sco'li<! from!ll8 slJu;l\.Kl> PI.n IItId Pro:ill dra-,,-ng pro,ide<!. 

M II 
EJf.oEl ... Iit>Jt..r E'ltimalelS P.i1o 
N,~ral Ptlne lIpalllflOlllent 

[m) [mm) 

1211,1 1 

f27S.4 1 

D: Eslim~t.d Pi), ~ Er .... lian • Esdmatelf ar& •• ~olllo wltch~' bollcm of the plunll\"~ fa ha '((ve,,'" ""'-.lop"" r~.i"'d capaa"ly Bnd Ir .. .., lhe •• W.me~ ~;iI, tA~diOOoal <?pll1l!1acl be 1~q:sTd Ia INd! sequirod 1 •• iI\ur.>e o-Jling a\t:om9.1 
E: ~Inlm"m P!le np Ew, .. lIon • E.llni0";'l mtnl'llum elovit'co ." ... lIlch th.bonam Qf Ihl pl",i( n.e«Ila b6 d1Rf1\Q me~~~'l\en~ rr.lnrn"m Jenglb, O(mNoo:n depl1l crfl.riaohc<.161t .. ",,<ired Iftt'ri/la ~,r51.""" b. Wlal'1.rlll"",II11e Twgel Pil. Top 

F: S.rvic~ UpllrtL<I.d Resi.l.&noor a \lnUmu. Fridion R ... I'Izn<:.>'(FS·2.~5) ,...,. cam ...... t ...... lu1IJn motUn; IMlb uocr \811~'01I 
G: S.I$mi~ Cl>.lIF"' ... sIOllllnlltar1G' '" UUlm,te frltfcn 8Ild End se.;mg R5."~.ru:~ "(>~'a:lJng tho o:n'.tibullon .1 p:f..nUII!J 1·~",,1ia."'~ ......... V'ASHTO <ll;r .. ~ \lie we fir It .. "[ .... '" ,..blUr:e yo!lues b) res;'! lelsmlcbld$J 

H: S.llmi<, Uplift RQ5lotln .... \Jl£rDM1. Fri~n Rnl._ n.v!e'.ung til, conlrltut·OII or p«IIIU!Lly roquefiabl. moBS, (AASHTO a1b .. ~ the .... "., h uF-malo Irlct);n r~sisl3m:" vou, II> ...sl~ l~m);: uplltlauls.) 

I: ~lVIoe Load IDU Lt)- ThenllooT'P.lIlIla.d VIal call te a,oPlehl Ihs b:<l or Itot ~I'e by In! Slrlltlllre prqj\dld \1'891& isdov,n 10 ~a aSll\'l'l~ ~pati\y. 

J: Requlrod Dtlllfng Ilul,"n ••• The mllllmbM lOi<! {UIVQ 1.101 x %.25 ~r "<{\ir<Id •• Iuri' milf8li>l jI.~ tslimslelllan duting liqu~..cUan. IItiuDYarts gIN1.!) 111,\ r~us1 be verified L11h& field t-/ POlo. 

K: E.lfmate<l PII.ltngl21 wI FJII • Tha .,Umllo!~ length c/ fiJI Nllu'nd. CabA ..... as (8«lom or PJ. CaJI- £sti"1m.<rTlp Elwalio"l , ... ,~.d up \Q Ih.nwro.t melft'. (ActoJ,1 langlh'IIIDY YiIY dependhg Gn <i'loin9 

coneli",., enaxm"'rod al ucl\ pi'" location.) 

L: Eolim.!.rI Slnrelull' load in I~e PII&, l11' largu11\le:1 th.t"U d .. ",lop il\!hI pi's dUH<I4t'tuC\Ut<I" SIM::e m~ \:I.~s am ~~ bad.;1I1i~ laad oXII~~! lhH-oulral pi, .... "ber. Bquilbnum t>!&'.s bollo'l!!!., the .... JIIl 01 ('8 IfOWlrO\111d ar:fng 
pt.JINOn.n\loa;! I .... a_} II"P'"~ .16,. lop of". pilo .nd dl2S bi~ <lITO D> ~'s~li'v. II<ln 'rictblllncllha .um cI ~ .. "Id ~:,;n9 po'i~ ... ~n ,..,io1.noo or.d rnobllu<lloe '''sis lin,,,. 

M; E.lim'lS!d EI ..... tion t4 "'eulul Plue -l11tlevelin rt, ~re 1Ift.1e ,.Jali .... mo\'~menlb.I>I'Oa<IIb. pia ~",haU I.ZOIi~. 

N: ~timal.d Pile lip Setlh"manl _ TIl. m.srl\l..Oi Dr ",lo tp '81ll.m&nH.~<ire;j ID mobilta eJtrna1ad ~Ila t'p loads. Th" dollllatincl.da al.llic""'¥"usi.., of the pie. 
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L£GACV PAAKWAY 

IIRIDGE 2l 

PILE tN'ACITY SUWoWIV· PP ~'d n "'" all'"1 

VELD STfilEHGTH. "" .. fl. 

A' T"QOIGooIKhno:.lC,_p"I'!I./22~S«VIC.L....t} 

B-2 7"114' GoOf."""" .. Copout"., 1'!I./2 2~S"", ... Loed) 

B-3 T_~' G.ol~ C~Klll pet' PM (2 25.rSwv". Lo.d] 

AI.... TM~I G.ol.~M C.P~1 pM P. (2 Zs..:SwvJCe Lo.d] 

,rIlfO.' s..,..;. L.a.d Prow-ado" ~»" SCl~M En~"') 

" 8 

LQ~alton Fimahod G,odo 80tlomof P1Ie 
EjevabGn Cap Elavadon 

1m) 1m) 

B,ldg.Z3. Abutmenll 13101 1305.1 

Bndll' 23, Bini 2 12950 1292.2 

Brldgl 23, Bini 3 12975 1294 4 

Bndgl 23. Abutmenl 4 13070 1301.2 

3.503 
Hal 
1.100 
3503 

C 

E.r Embanlun. 

Hoi,,'" 

1m) 

156 

HlA 

HIA 

100 

loudon 8pring. UNci for Soli ProliJ. 

Bfldgo 23 Abulmenl 1 RB·365. 55-23·289 

BMQ8 23 Senl2 5C·23·290A, 5B·23·289. LSB·23-l43 

6tKlC18 23 Senl 3 SC·23·290B. lSB-23-444 

6tldga 23 Abulmenl4 8B·23 290C lSB-23-445 

O •• crlpUon of InfornwUon Prennled In Each Column 

D E 

EoUma'odPIio _Plio 

TrpElo • ..u.n Tip EIo • .u..n 
1m) (ml 

1281.1 12811 

12725 12735 

12794 1271.4 

12820 12830 

"""II D~l. 

Complolodlly t-lY\. , Z1 01.. 

R • .,.wodB~ 
~ lei f-l.d Q~ 

o H K 

"' .... Ieo UplUt Required Se.lamiG $e.N'ulo.d Roqulrod Dmlna Eo. Plio 

LNdR •• ial~ Compr ... lon UpUfI lOLHLI R .. Jalan~ Lonalil .. I lID 

(kNI R .... lane. (kH) Ra.&aae.nca(kN) lItH) lItH) 1m) 

934 HIA. HlA. 1.551 3,503 23 

513 1 ,In 636 658 2,05a 20 

421 1,597 583 4n 1,14' 15 

625 HIA. HlA 1,557 3,501 20 

A. Flnlolwod GfOde EIe.IU"", Top oI_pp'o~ slab .I •• aban lllbu\monl toc:.""'" and ad,aeanl ;'OIJIld al •• lbon al benl Ioc.""", IS shown an lIle slIUclure Plan Ind P,oIiIe drlw"9 p,ovlded 

D. DollOm 01 Pile Cop EIe.oUon • Elo. __ 011110 bOlIOm 0/ 1110 P~' cop as ouIed from 1110 SIIUC"". Plan end p'or~. d'_w.,; provided 

L 
e.Umatad Uulmum 

,,,,,.'u,o! Lood In Plio IItHI 
('-lYle. load + O,as Load) 

3,138 

1,319 

1,334 

2,812 

C Eo""'o"d Embankmont H.lghl· EI •• _bon doHerence b.tween Ill. lop 0/ Ill. Ipproach slab and Ill. nab •• g'ound surfa" lllho obu\menlo. SUied from Iho .\rue""o P .... and p,or~o drawrng pro.ldod 

u N 

E.t EJeva&lOn 01 Eollmo'odPIio 

Noulro! Plono Tip SoUiomon. 

1m) Imm) 

1285.2 4 

12711 1 

12794 1 

12830 3 

D Eo""'o .. d Plio Tip EIe.IUon· ESbmaled al •• aban 1.0 wluclllho bottom 01 Iho .... wtll .... d 1.0 bto driyen 1.0 develop Ihl reqlllf.d '"PICI\)' end meetlhe .. Womenl Clllen. IAddobonll deplll may be roqund 1.0 roach liquored '8$lslance dunng dnving ) 
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Date: 07/0112002 

To: Joe Showers 

From; K. N. Gunalanhe7";"'v..A..l~ 
Curt Christensen 

Subject Geotechnical Recommendations for Bndge 23 

Cc: DocC, Kleinfelder, Tom Cooper 

Introduction 

File Code: GDM-STR-O 13Rev 1 

This memorandum presents our Geotechnical evaluatIOn and recommendations developed In 

accordance with UDOT's Geotechnical MOL for Bndge 23. Included herein is our evaluation of 
lIquefaction concerns at the bridge abutment location. Detailed descnptlons of our understanding 
of the project. geology, soIls encountered etc. will be incorporated Into the project Geotechnical 
report and submitted along with other documents as part of final submittal for the project. ThIS 
infonnation wIll be maIntained in the project files for reference until being mcorporated into the 
final report. 

General Geotechnical Conditions 

Geotechnzcal conditions at the site are defined by previous Investigations performed for LlDOT. 
Based on the infonnation obtained dunng those investigations and a subsequent Investigation 
undertaken by FAK. the general profile at the north interchange can be defined as conSisting of 
interbedded medium stiff to stiff silts, clay and loose to medium dense sand and gravel layers in 
the upper 10 to 15 meters. Dense to very dense silty sands. poody graded sands and poorly 
graded gravel with lenses of silts and clays were encountered below 10 to 15 meters. Ground 
water was encountered at depths rangIng from l.0 to 1.5 meters. 

Liquefaction Potential 

Bridge 23 falls withIn the Fannington Siding landslide complex .• which consIsts of liquefaction 
induced lands[ides. The bndge abutment is located wlthm the older mapped portion of [hiS 
complex. approXimately 1 0 km southeast of the mapped contact wiCh the younger portion of the 
complex. These slides date back to latest Pleistocene and Holocene time. UGS studies indicate 
that susceptibility to lIquefaction mduced land slidmg may be less than the earlier times due [0 

lower average lake and assocl.Hed ground water levels The study also indicated that abOve 
average preCIpItatIOn could cre:lte loc"lIly perched condItions which when subject to strong 
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ground motions could liquefy and slide. Therefore, a study was undertaken to evaluate the 
potential for liquefaction at Bridge 23. Information obtained from exploratory borings RB-365, 
SB-23-289, LSB-23-443, LSB-23-444, SB-23-290C, LSB-23-445 and cone soundings SC-23-
290A and SC-23-290B located near the bndge abutment was used m this evaluation. 
Evaluations indicated layers of stIts and sands may liquefy under an earthquake of magnitude 7.3 
with a peak horizontal ground acceleration of O.6g. 

liquefaction potential was evaluated at this bridge site and was found to include stIf, sand and 
gravel layers ranging in thickness from approximately 0.2 m to 2.0 m and at depths ranging from 
2 m to approximately 15 m below existing grade. Liquefaction induced settlements were found to 
range from 18 mm to 92 mm and lateral spread from 0 to 0.6 m. Based on the potential of an 
isolated slit layer less than 2 m thick in borehole SB-23-289 laterally spreading, it is our opinion 
that the potential impact to the structure would be negligIble. 

Recommendations 

It is our understanding that 406 mm (16 in.) diameter pipe piles are bemg proposed for the bridge 
foundation and that the anticipated service load per pIle at the abutments is 1557 kN. The 
service loads at the bents range from 489 to 658 kL'I. The governmg conditIon for pde design at 
abutment 1 IS locating the pile tIP below liquefiable layers: for abutment 4 it is the service load 
and for bents 2 and 3 It IS the ax.ial seismic compression. Recommended pIle capaclty and 
Geotechnical parameters required for analYSIS and design are presented in attached table. 
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PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject !-:~~.~~Y.. P'§l!.~"Y.~Y.: .~!!~~~ .?~ ................. . 
Pile Loads 

Bridge 23: Service and Seismic Loads per Pile 

Pier DL LL 
ki 

A1 

~ 2 
3 ~ A5 

iJaf1e ................................. . 

Made by .... ~: .<:;.c:>~!}.~ ................. . 
Date 11-Apr-02 

Checked by ~~~~~1i(~~~~~~~~~~~~~~~~~~~~ 
Date .... ft!~l-fi-:-:.. ................ . 

Seismic Seismic 
Tension 

ki 

Number 
of Piles 

Note: Load values presented in the table above are representative of the 
maximum values for a single pile in a pile group. This does not reresent the 
value of every pile in the foundation. Each pile may have a different tension or 
'compression value in the footing. 

7417 
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PARSONS BRINCKERHOFF 
r~ COMPUTATION SHEET 

I '7~i) Page ____ L ___ of n~T __ n_ J " 

100 
YEARS Oi' 

Made by ____ V __ ~od>_~"'!J~ _________________ _ 

Date -----__ LLus_~_~j ____________________ _ 
Checked by _____________________________ _ 

Subject ____ kkAc;..:.l __ J?!"'-'h~ __ ....... ~ _ _!---____________________________________ _ 

Date ______________________________________ _ 

Heights of the columns at bent 3 were decreased from 24.61ft to 18.5ft. The 
2'6 J .. 

column steel was modified on January 24, 2002 from longitudinal steel of 76-#36 

bars to 40-#36 bars this decreased the % steel from 2.76% to 1.45%. The 

reason for the changes above were 1.) During the independent check it was 

noticed that the column heights vary from 18.5ft to 22.5ft. 2.) The reduction 

factor was way below R= 4. These changes were necessary because in order 

for the pile layout at bent 3 to accommodate the shears from the shorter column 

with a % steel of 2.76, the four (4) center piles of the 6 x 6 pile layout were 

required. By requiring the center four (4) piles there may be a possible conflict 

with the column steel and the center piles. GROUP was re-run for the worst 

case to determine if any modifications were required. As a result of the column 

changes the center four (4) piles 0 f the 6 x 6 pile layout were removed. 



Gouge, VIckie 

From 
Sent 
To. 
Subject· 

Gouge. Vickie 
Fnday, January 25,20021214 PM 
Deschamps, J D • Noban. Fand 
RE legacy Parkway ===> Bndge 23 

Farld and JD, 

I looked onto keepong the column remforcmg the same and changing the footing Size Also, I conferred with Ali W to see how the Independent check was gOing Based on All's Independent check the column heights at bent 
2 were changed from 328ft to 354ft this resulted increasing the 'Y. steel from 2 61 to 2 76 (76-#36) I Increased the footing size to 7320mm x 7320mm below IS the resulting pile layouts 

Bent 2 pile layout Bent 3 pile layout. 
'Y. Steel = 276 % Steel = 276 

X X X X X X X X X X X X 

X X X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X X X 

X X X X X X X X X X X X 

By uSing thiS layout the center piles Will pOSSibly Interfere with the column steel Column 3 con be reduced to a 'Y. steel of 145')'. (40-#36) By redUCing the steel the center piles can be removed for the layout below 

Below IS a summary of the results. 

Reduction factor % steel D/C Pile stress Allowable stress 
Kn/mA2 Kn/mA2 

Bent 2 Column 1 50 181 102 416E5 672E5 
Bent 2 Column 1 40 261 101 578E5 672E5 
Bent 3 Column 1 40 181 124 563E5 672E5 
Bent 3 column 1 30 261 134 890e5 672E5 ===> No Goodl 

As you can see from the above results a 'Y. steel of 2 61 does not work for bent 3 There are two reasons for thiS 

1) The columns at bent 3 are shorter than at bent 2 by obout 14 feet ThiS causes the plastiC shear to be greater In the columns of bent 3 
2) The top sOil layer at bent 3 IS a sand With a stiffness of 13050kPoIm compared to a top SOIl layer of clay With a stiffness of 63665kPo/m at bent 2 

Based on the above results, would It be okay to use 72-#36 bars (% steel :2 61) for the columns at bent 2 and 50-#36 (% steel :181) at bent 3;> 
ThiS will keep the reduction modification factor of R=4 for the columns at both bents 
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PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

lOa 
YeARS 

Subject ~eg_a~y Parkway.- Br~~ge S23 

_ __ ~?~~n~~ls 

GROUP Analysis BENT 2 
Determine Demand @Top of Piles 

footing depth = IL..._--,---",,6.~56=--__ -,--_--.,;ft~_--I 2 00 

Aloal Shear 

kips kN kips kN 

Demand @ Bottom of Column 4340 19304 , '1595 7095 
+ Footin!! Weight ,394 1753 ,- -
+ Soli Weight 89 396 ,- , , ' -
- SOil Passive Resistance - - 171 761 
+ Moment due to Shear x(F1g depth - - - -
= Demand @ Top of Plies 4823 . " 21453 ,1424 6334 

Dll1e.. 
Bottom of Column Demands are due to Column Plastic Hinging. 

GROUP Analysis 
Determine Demand @ Top of Piles BENT 3 

footing depth = 1 ..... ____ 6 .:;.56.::-. __ -'--_.....;ft"--_---' 2 00 

Alual Shear 

kips kN kiPS kN 

Demand @ Bottom of Column 3039 13517 ' , ~154' 9581 
+ Footing Weight 394 1753 - -
+ SOil Weight 89 396 I - -
- SOil Passive ReSistance - - ' 171, 761 
+ Moment due to Shear x (Ftg depth - - - -
= Demand @ Top of Plies 3522 15666 1983 8820 

Dll1e.. 
Bottom of Column Demands are due to Column Plastic Hinging 

Bridge 23 Pile Loads xis demands (4) 1 of 1 

Page 

Made by VLG 

Date 1/25/02 

Checked by 

Date 

m 

Moment 

k-ft kN-m 

26116 35407 

- -
- -
- -

,,' 9344 12668 
35460 48075 

m 

Moment 

k-ft kN-m 

19926 27015 
- -
- -

,;' . ' -
13012 ' 17641 

'32938 44655 



• 
PILE GROUP ANALYSIS PROGRAM-GROUP 
PC VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 2000 

"' .. ~ PROGRAM WAS COMPILED USING MICROSOFT FORTRAN 
~RSTATION 4 0 (C) COPYRIGHT MICROSOFT CORPORATION, 1996. 

Legacy Parkway ===> Br~dge 23, Bent 3 

***** INPUT INFORMATION ***** 'f 

X 

* TABLE C * LOAD AND CONTROL PARAMETERS X 

UNITS-- X 

j.., 

V LOAD, KN H LOAD, KN MOMENT, KN- M f.. 
.1567E+05 .8820E+04 .4466E+05 

* THE LOADING IS STATIC * 

KPYOP = 0 (CODE TO GENERATE P-Y CURVES) 

( KPYOP = 1 IF P-Y YES; = 0 IF P-Y NO; = -1 IF P-Y ONLY ) 

* CONTROL PARAMETERS * 
TOLERANCE ON CONVERGENCE OF FOUNDATION REACTION 
TOLERANCE ON DETERMINATION OF DEFLECTIONS 
MAX NO OF ITERATIONS ALLOWED FOR FOUNDATION ANALYSIS 
MAXIMUM NO. OF ITERATIONS ALLOWED FOR PILE ANALYSIS 

* TABLE D * ARRANGEMENT OF PILE GROUPS 

GROUP CONNECT NO OF PILE PILE NO L-S CURVE P-Y CURVE 
1 PIN 6 1 1 
2 PIN 6 1 1 
3 PIN 2 1 1 
4 PIN 2 1 1 
5 PIN 2 1 1 
6 PIN 2 1 1 
7 PIN 6 1 1 
8 PIN 6 1 1 

GROUP VERT, M HOR, M SLOPE, M/ M 
1 .OOOOE+OO .3050E+01 .OOOOE+OO 
2 .OOOOE+OO .1830E+Ol .OOOOE+OO 
3 .OOOOE+OO .6100E+00 .OOOOE+OO 
4 .OOOOE+OO .6100E+00 .OOOOE+OO 
5 .OOOOE+OO -.6100E+00 .OOOOE+OO 
6 .OOOOE+OO -.6100E+00 .OOOOE+OO 
7 .OOOOE+OO -.1830E+Ol .OOOOE+OO 
8 .OOOOE+OO -.3050E+01 .OOOOE+OO 

* TABLE E * PILE GEOMETRY AND PROPERTIES 

PILE SEC INC 
1 1 100 

LENGTH, M 
.3000E+02 

E , KN/ M**2 
.2000E+09 

0 
0 
0 
0 
0 
0 
0 
0 

GROUND, M 
.2600E+01 
.2600E+01 
.2600E+01 
.2600E+01 
.2600E+01 
.2600E+01 
2600E+01 

.2600E+01 

.254E-06 M 

.254E-06 M 
100 
100 

SPRING, KN-
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 

PILE FROM, M TO, M DIAM, M AREA, M**2 I, M**4 

1 .OOOOE+OO .3000E+02 4060E+OO .2700E-01 .3700E-03 

* THE PILE ABOVE IS OF LINEARLY ELASTIC MATERIAL * 

X )( X X X 

X X X X X 

>c X X 

X )( X. 

)( '1--. ')( X ;( 

X -X X- X X 

M 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

---..... '00 
YeARS 

Subject Legacy Parkw_ay - Bndg~.S2~ 

GROUP AnalysIs 

GROUP Analysis BENT 2 
Determine Demand @ Top of Plies 

footing depth = ... 1 __ --==6~.5:.::6~ __ L_ _ ___..:ft~ _ ___I = 200 

Axial Shear 

kips kN kips kN 

Demand J§l Bottom of Column 4340 19304 I 1524 6779 
+ Footing Weight 394 1753 - -
+ SOil Weight 89 396 " - -
- SOil Passive ReSistance . - 171 761 
+ Moment due to Shear x (Ft~ d~th - - . - - ' ' -
= Demand @ Top of Plies 4823 21453 1353 6018 

nn1e.. 
Bottom of Column Demands are due to Column PlastiC Hinging 

GROUP Analysis 
Determine Demand @ Top of Plies BENT 3 

footing depth =1 L.. __ --=6;.,,:5o.::6 ..... __ '--_---'ft"--_--' 

Axial Shear 

kiPS kN kl~s kN 

Demand @ Bottom of Column 3039 13517 2217 9861 
+ Foollng_ Weight 394 1753 " -
+ SOil Welflht '89 396 - -
- SOil Passive ReSistance - - 171 761 
+ Moment due to Shear x (Ftg depth - - - -
= Demand@TopofPlles 3522 15666 2046 9101 

nn1e.. 
Bottom of Column Demands are due to Column Plastic Hinging 

Bridge 23 Pile Loads xis demands (3) 1 of 1 

m 

k-ft 

26933 
-
-

I . 
8878 

,35811 

k·ft 

27278 
-
-. 

13425 
40103 

Page 

Made by 

Date 

Checked by 

Date 

Moment 

kN-m 

36514 
-
-
-

12036 
48551 

Moment 

kN-m 

36982 
-
-
-

18201 
55183 

VLG 

1/23/02 



-----1'00 
YEARS ~ 

PARSONS SRINCKERHOFF 
COMPUTATION SHEET 

Subject _______ L~k8:.<; .. ;L __ P..A_4.."_~!_'I.oi--------:_----------------------____ _ 

805 

Page _________ of ----------1 L-__ ----J 

Made by __ J1'-_~~Q!.JJ .... e __________________ _ 

Da te _______ j_~ __ ~ __ ~~_.,--~_.a~ __________ _ 
Checked by _____________________________ _ 

Date _______________________ . _______________ _ 



----.'00 

PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

YEARS 

Subject .............................................. ~~.9..~.~X. .. ~~E~::'::~Y. .. :.~.~~~.~.: .. ~.~.~ ............................................. . 
............................................. ~~~~.~ .. ~..':!~y.~!.:: ...... _ ................................... _ ............................ .. 

GROUp Analysis BENT 2 
Determine Demand @ Top of Piles 

footing depth -1'>':"';:"">:'.:.6;56::':,,:' '"",,'\\ ft = 2.00 m 

no.te;, 
Bottom of Column Demands are due to Column Plastic Hinging. 

GROUP Analysis 
Determine Demand @Top of Piles BENT 3 

footing depth =1':":"':'+' +<6.56:.< )">:"':'1 ft 2.00 m 

Page 

Made by VLG ....................................... -
Date 1(18(Q2 ._ .................................... . 

Checked by ........................................ . 

Date 

Axial Shear Moment 

no.te;, 
Bottom of Column Demands are due to Column Plastic Hinging. 

Bridge 23 Pile Loads.xls demands (2) 

kN 

13517 
1753 
396 

15666 

kN-m 

35899 

17623 
53522 

1 of 1 



Gouge, Vickie 

From: Deschamps, J.D 
Sent: Saturday, January 19, 2002 11: 14 AM 

Gouge, Vickie; Noban, Farid To: 
Subject: RE. Legacy Parkway ===> Bridge 23 

I talked with Joe about this. 

His suggestion was to keep the column reinforcing the same 2.61 % and make the footings larger to make this footing 
work. (Make it bigger on both Bent 2 and 3) Vickie can you look at this The constraint on the footing IS that It not be 
under the railroad tracks. If this doesn't work we will go with your option of having different column reinforcing. 

Thanks, 

JD 

-----OnglOal Message-----
From: 
Sent: 
To: 
subject: 

<;!ouge, Vickie 
Friday, January 18, 2002 7:02 PM 
Noban, Farld; Deschamps, J.D. 
Legacy Parkway ===> Bridge 23 

Farid and JD, 

I have completed my analysis of the columns and the pile groups. I reduced the reduction factor R= 
5 to a lower value. Original calculations had longitudinal steel of 50 -#36 bars. For the worst cases 
(bent2, bottom of column 1 and bent3, bottom of column 1 ) the reduction factor was R=5 and the 'Yo 
steel = 1.81. By increasing the longitudinal steel to 72-#36 bar, the reduction factor was reduce to 
R=4.0 and the 'Yo steel was increased to 2.61. The plastic moments and shears from these two reeol 
files were input into group to determine if the pile capacity was adequate for the increased moments 
and shears at bent 2 and bent 3. 

Below is a summary of the results: 

Reduction factor 'Yo steel D/C Pile stress Allowable stress 
Kn/m"2 Kn/m"2 

Bent 2 Column 1 5.0 1.81 1.02 4.16E5 6.72E5 
Bent 2 Column 1 4.0 2.61 1.01 5.78E5 6.72E5 
Bent 3 Column 1 4.0 1.81 1.24 5.63E5 6.72E5 
Bent 3 column 1 3.0 2.61 1.34 8.90e5 6.72E5 ===> No. Good! 

As you can see from the above results a 'Yo steel of 2.61 does not work for bent 3. There are two 
reasons for this. 

1.) The columns at bent 3 are shorter than at bent 2 by about 14 feet. This causes the plastic 
shear to be greater in the columns of bent 3. 
2.) The top soil layer at bent 3 is a sand with a stiffness of 13050kPa/m compared to a top soil 
layer of clay with a stiffness of 63665kPa/m at bent 2. 

Based on the above results, would it be okay to use 72-#36 bars (% steel =2.61) for the columns at 
1 



bent 2 and 50-#36 ('Yo steel =1.81) at bent 3? 
This will keep the reduction modification factor of R=4 for the columns at both bents. 

o/iclije qouge 
Parsons Brinckerhoff, 
Sacramento Office 
PH: (916) 567-2552 
FAX: (916) 925-3517 
E-MAIL: gouge@pbworld.com 

2 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Sub'ect Legacy Parkway, Foundation Seismic Design 
y -------------------------------~-------------------------------

_______________________ J3~~~21~-E'U~L~~---------------------___ _ 

Bridge 23: Factored Pile Load Data 

Seismic Seismic Number 

Pier DL LL Compression TenSion of Piles 

(kip) (kip) (kip) (kip) 

A1 - - . - 20 

2 116 37 407 ·139 32 

3 116 45 359 ·131 32 

A4 . - . . 20 

Note: Load valueg pregented in the table above are representative of the 

maximum values for a single pile in a pile group, ThiS does not represent the 

value of every pile In the foundation, Each pile may have a different tension or 

compregsion value in the footing. 

Bridge 23 Pile Loads.xls Loads (2) 1 of 1 

Page of 8 ;;)2 
Made by ________ ~l:.Q_· _______________ _ 

Date ___ 22:.Jillfl.:D_2. _________________ _ 
Checked by 

Date 

Printed on 1/22/02 

at 4:46 PM 



~====----= =-==:: 
----

PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

----11'00 
YEARS Subject Legacy Parkway - Bridge 523 ...•.............. _-_ ...... -•................• --_ ...•.•..... _-- .....•.•...•. 

Bent Pile Loads 

Maximum pile Loads Bent 2 

Load Type FAD Model Controlling Load Load Case Service Pile Loads 
Group 

kips 

DL only Bent2r4a.out II 76 
DL+LL Bent2r4a.out IH 3 106 
LL only Bent2r4a.out 30 

DL + Seismic lcompresslon) Bent2r4a.out VII 1 
DL + SeismiC (tenslont Bent2r4a.out VII 1 

Maximum pile Loads Bent 3 

Load Type FAD Model Controlling Load Load Case Service Pile Loads 
Group 

kips 

DL only Bent3r5a out II 76 
DL+ LL Bent3r5a.out IH 3 110 
LL only Bent3r5a.out 34 

DL + Seismic Jeompression) Bent3r5a.out VII 1 
DL + Seismic (tension) Bent3r5b.out PB2 1 

Bridge 23 Pile Loads xis Pile Load details (2) 1 of 1 

Page 

Made by VLG 
Date 1/22/02 ---.--_._.-.-----. 

Checked by.:? ............. . 
Date 

Factored Pile Load 

kips 

116 
153 
37 

407 
-139 

Factored Pile Load 

kips 

116 
161 
45 
359 
-131 

l'..() 

~1 
1/22/024.46 PM (..."J 



-=.-----===-== 
----

PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

----.'00 
YEARS 

Subject ... ________________________ ~:~_~~y. ~~!_~~~y_: _~!!~~:_ ?_~~ ______________ _ 
Bent Pile Loads 

Maximum pile Loads Bent 2 

Load Type FAD Model Controlling Load Load Case Service Pile Loads 
Group 

kiQs 

DL only Bent2r2.out II 89 
DL+ LL Bent2r2.out IH 3 129 
LL only Bent2r2.out 40 

DL + Seismic (compressionl Bent2r2.out PB1 1 
DL + Seismic (tension) Bent2r2.out PB2 1 

Maximum Pile Loads Bent 3 

Load Type FAD Model Controlling Load Load Case Service Pile Loads 
Group 

ki~s 

DL only Bent3r4.out II 64 
DL + LL Bent3r4.out IH 3 99 
LL only Bent3r4.out 35 

DL + Seismic (compression) Bent3r4 out VII 1 
DL + Seismic (tension) Bent3r4.out VII 2 

Bridge 23 Pile Loads xis Pile Load details 1 of 1 

Page 

Made by VLG _._._ ... -.. _--_._. 
Date 12/20/01 

Checked by 

Date 

Factored Pile Load 

kiQs 

138 
187 
49 

449 
-194 

Factored Pile Load 

kips 

97 
150 
53 
504 
-233 

12/26/01 5:19 PM 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Sub'eet Legacy Parkway, Foundation Seismic Design 
y ---------------------------------------------------------------

_______________________ J.3~~~2i~-eil~L~~-------------------------

Bridge 23: Factored Pile Load Data 

Seismic Seismic Number 

Pier DL LL Compression Tension of Piles 

(kip) (kip) (kip) (kip) 

A1 - - - - 20 

2 138 49 449 -194 25 

3 97 53 504 -233 25 

A4 - - - - 20 

Note' Load value6 pre6ented In the table above are repre6entative of the 

maximum values for a single pile In a pile group. Thi6 does not represent the 

value of every pile in the foundation. Each pile may have a different tension or 

compression value in the footing. 

Bridge 23 Pile Loads xis Loads 1 of 1 

Page of 
Made by _______ ~:.Q _____________ ___ _ 

Date ___ J2~"~lJ1Iz.~r:.12 ... 2QQL _________ _ 
Checked by 

Date 

Printed on 12/27/01 

at 9.02 AM 



Page n __ n ___ of __________ 1 f ,tj 1 
Made by _________________________________ _ 

LJate ______________________________________ _ 
~LlbJect ----------------------------------------------------------------------- Checked by _____________________________ _ 

LJate ______________________________________ _ 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject _f:,_eJtg£J!.Eg!,.-'9YP-1!:F.f!!:!1z..c!fl!.~C!.1J_$!j§!!J:!q-'2r:f!.i:g1) ___________ __ _ 
f,RIDGE ?25: Section Properties 

BRIDGE 23: Section Properties 

+ Steel Pipe Piles Filled with Concrete 

+ Input Parameters 

OutBlde Pipe Diameter, d = 1<) () In 

Pipe ThlckneBB, t = Sib In 

In Bide Pipe Diameter, d 1 = 1:; 25 In 

Concrete f c = 4,000 pBI 

Steel fy 45 () kBI 

E. 29,000 0 kBI 

406 mm 

10 mm 

387 mm 

Page of I 
Made by ____________ ~~~ ___________ _ 

Date Dec..6mbet 1?,2001 
--------------------------------

Checked by _______________________ _ 

Date 

d 

ModuluB of ElaBtlclty, Ec = [>7,000 J 4,000 3,604,997 pBI 

for normal weight concrete (w = 145 pcf) 

-+ Calculations 

Since outer Bhell and filler material are of different materialB, Ie Bteel and concrete 

TranBform concrete area ba6ed on 

The total area of concrete, 

29.000 

3,605 
= 

7r d 12 ;',14' G (1525) 2 
A.= ---

4 4 

80 

will be tran6formed mto an eqUivalent area of Bteel with the same neutral aXIB 

A'= __ A_._ 
n 

TranBformed area diameter 

7r d l
2 

A'= 
4 

==> 

1827 

8.0 

4 ( 227) 
538 In 



LEGACY PARKWAY 

BRIDGE2J 

PILE CAPACITY SUMMARY - PP 406.9 53116".3/8,,) 

YIELD STRENGTH = 448 MPa 

A-1 Target GeotechmcsJ Capscrty per PIle (2 25xSefVlce Load) 

(Target SerVice Load Provtded by structural Englnesr) 

A B 

Location Flnlshed Grade Bottom of PUe 

Elevation Cap Elevation 

1m) 1m) 

Bridge 23, Abutment 1 1310.7 13051 

location BOrings Ustld for Soli Profile 

Bndge 23, Abutment 1 RS-365 

Deser/plion of InformatIon Presented /n Each Column-

3,503 kN 

C D 

Est Embankm. Target Pile 

Haight Tip Elevation 

1m) (m) 

156 12817 

Initials Date 

Completed By 

ReVIewed By 

E F G H K 
Minimum Pile Service Upnft Required Seismic Service load Required Drfvlng Est Plla 

Tip Elevation Load Resistance Compression ) I UpUft IDL+LL) Ras'stan(;;t, Langthwlfill 

(m) (kN) Raslstanca (kN) Resistance (kN) IkN) IkN) (m) 

12817 934 N/A I N/A 1,557 3,503 23 

A Finished Grade Elevation - Top of approach slab elevallon at abulmenllocatlons and adjacenl ground elevallon at bent locations as shown on Ihe structure Plan and Profile draWing provided 

B BoHom of Pile Cap Elevation - Elevation at Ihe bottom of the pile cap as scaled from the structure Plan end Profile draWing provided 

L 
Estimated Maximum 

Structural \..oad In Pile (kH) 

(Service Load + Drag Load) 

3,138 

C Estimated Embankment Height - Elevallon difference between the top of Ihe approach slab and the native ground surface at the abulment as scaled from Ihe slructure Plan and Profile draWing provided 

N 
Est Elevation of estImated Pile 

Nautral Plana Tip Settlement 

1m) 101m) 

1285.2 4 

D Target Pile Tip Elevation - Estlmaled elevallon to which the bottom of the pile will need to be dnven to develop the required capaCity and meet the seHiement enlerla (Addilional deplh may be required to reach reqUired resistance dUring driving) 

E Mlmmum Pile Tip Elevallon - Estimated minimum elevation to which the bottom of the pile Will need to be driven to meel seHiement, minimum length. or minimum depth criteria should Ihe required driving resistance be obtained above the Target Pile TIp Elev~ 

F Service Uphft Load Resistance = (Ultlmale Fnctlon Reslstance)l(FS=2 25) Per comment resolution meeting WI\\\ UOOT (8115101) 

G Seismic Compression Resistance = Uilimate Frtcllon and End Beanng ReSistance neglecting the contnbutlon of potentially liquefiable zones (AASHTO allows the use of the ultimate reslSlance values to resist seismiC loads) 

H Seismic Uplift Resistance = Ultlmale FriCliOn ReSistance neglecting the contnbutlon of potenbally liquefiable zones (AASHTO allows the use of the ultlmale fncbon reslslance value 10 resist seismic uplift loads) 

Service Load (DL + LL) - The m9<lmum load that can be applied at the top of the pile by the structure provided the pile Is dnven to the assumed capacity 

J Required DriVing Resistance - The minimum load (service load x 2 25 or reqUired seismic reSistance plus estimate<! loss dunng liquefactIOn. whichever Is greater) that must be venfled In the field by PDA 

K Estimated Pile Length wi Fill - The estlmaled lenglh of pile reqUired Calculaled as (Bottom Of Pde Cap - estimated Tip Elevation) rounded up to the nearest meter (Actual lengths may vary depending on dnvmg 

cond,bons encountered at each pile location) 

L Estimated Structural load in the Pile - The largest load that wm develop In the pile due to structural service dead loads and drag loads This load occurs at the neutral plane where eqUilibrium exists between the sum of the downward acting 
permanent load (service load) applied at the top of Ihe pile and drag load due to negative skin fnctlon and the sum of upward acting poslbve shaft reSistance and mobilized toe reSislance 

M Estimated Elevation of Neutral Plane· The level In the pile where relative movement between the pde and SOil Is zero 

N Estimated Pile TIp Settlement - The magnitude of pile tip settlement required to mobilize estimated pile tiP loads ThiS does not Include elasbc compresSion of the pile 

Bridge 23 Pile Sl.lmm.ryOell .... rable (12 1'-01)xls 
12114101 



Gouge, Vickie 

From: 
Sent: 

0: 

c: 
Subject: 

Bridge 23 P,le 

Nobari, Fand 
Friday, December 14, 2001 1.34 PM 
Gouge, Vickie 
Cooper, Tom 
FW: Bridge 23 Pile Summary Deliverable (12-14-01) xis 

865 

Summary Deliver There you are. Please show the red marks on check print, and revise the plans, and print 
for stamp. Thanks. 

-----Original Message-----
From: Nigel Miller [mailto:nmiller@kleinfelder.com] 
Sent: Friday, December 14, 20011:42 PM 
To: Nobari, Farid 
Cc: Cooper, Tom 
Subject: Bridge 23 Pile Summary Deliverable (12-14-01).xls 

-:l-tis has been checked and all cales turned in to Guna today. 
) 

Nigel Miller, P.E. 
Project Geotechnical Engineer 

Kleinfelder, Inc. 
2677 East Parley's Way 
Salt Lake City, UT 84109 

PHONE 1.801.466.6769 
FAX 1.801.466.6788 
nmil/er@kleinfe/der.com 

1 



Legacy Parkway 
lateral Pile AnalysIs 
Soli Parameters for LPILE or GROUP 

Structure 23 
Suppor\(s) 1,2 
Waler Depth lm) 15 
FInished Grade Elevation (m) 12954 
SOil BOrings Used for Profile RB-365, SC-23-290A 

Inilials 

l Completed By 

I Checked By 

layer Soli Type 

1 SoflClay 

2 Soft Clay 

3 Sand 

4 SoflClaL 

5 Sand 

S-23-1 2 LPILE Parameters 

Date 

Depth to 
Depth to 

Top of 
Bottom Unit Weight 

Soli layer 
of Soli of So \I 
Layer (kN/m') (m) 
(m) 

00 15 187 

15 30 89 

30 87 101 

87 101 99 
101 150 105 

Modulus of Frlclion 
Shear Strain, Subgrade Angle, 

Maximum Side Fnclion Maximum TIp Resistance 
Strength 

Reaction, k (kN/m2) (kN/m2) 
(kN/m2) Eoo ~ 

J (kPa/m) (degrees) 

Top Bottom Top Bottom 

60 0020 63,665 - 0 6 0 220 

60 0020 63,665 - 6 9 250 360 

- - 17,070 35 19 46 4,020 9,610 
27 0020 14,165 - 24 28 1,200 1,370 

- - 22,750 38 58 84 13,120 19,100 

10/11/2001 
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---1100 
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PARSONS BR1NClCERHOFF 
COIIIPUTATION SHEET II 

Subject _~~.9_~9Y-!.~~~~~!!':..~~~_!~E!::'!_~_~~'!'!::_e.~~~'! _____ _ 
" 

----------------~U)~~~~~~~~~~g~~:-)\b~~~-----~. 

-+ BRIDGE 23: Layer Properties - Abut 1 

Existing ground elevation = 1,295.5 m 

Top of pile = 1,304.5 m (Scaled from plans) 

Assume a pile length = -24.0 m 

Description 
~ l&J21b-

Geothecb .L:..E1LE. 

Top of Pile 9.0 0.0 

Original Ground 0.0 -9.0 

-1.5 -10.5 

Page ______ of __ ::':__ 9 (J [} 1 
Made bY... ____ y.:..QQ,!,lM----- _______ __ _ 
Oate Dec 11 2001 

--------------~-----------------
Checked by _______________________ _ 

Oate 

~~~Backfill 

Layer 

Layer 2 

-3.0 -12.0 1:::_1 
-8.7 -17.7 

Layer 3 

-10.1 -19.1 

-15.0 -24.0 

Prepared by: CER 

i:\Legacy\Single Span Bridges\Bridge 28\Layer Properties.xls 

Abutment 1 1 of 1 

Layer 4 

Layer 5 

Printed on 12/11/01 

at 11:58 AM 



PARSONS BRINCICERHOFF Page ______ of _-~.,.___ I 9 {} ~; J 
COIIIPUTATION SHEET Made bY.. ____ ~..:~~:i3~ ______________ _ 

Date Dec 11, 2001 
--------------------------------

Checked by _______________________ _ Subject _~~9_~~Y..f.~~~~y:~o..~~!{~!~~f.!J?_~r:_~9_~~~~,! ______ . 
________________ 12E.J12CZf_~J~ay~J:J?~J2pertj~~-:-Bcllt~-----~· ~~~ Date 

-+ BRIDGE 23: Layer Properties - Bent 2 

Existing ground elevation = 1,295.5 m 

Top of pile = 1,292.3 m (Scaled from plans) 

Assume a pile length = -11.8 m 

Description 
l2q2th. 

Geothech 

Top of Pile -3.3 0.0 

Original Ground 0.0 3.3 

Layer 

-1.5 1.8 

Layer 2 

-3.0 0.3 

l:s!and:1111111 Layer 3 
-8.7 -5.5 

. -10.1 -6.9 

-15.0 -11.8 

Prepared by: CER 
i:\Legacy\Single Span Bridges\Bridge 28\Layer Properties.xls 

Bent 2 1 of 1 

Layer 4 

Layer 5 

Printed on 12/11/01 

at 11:58 AM 



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
Support(s) 
Water Oeplh (m) 
Finished Grade Elevation m 

23 
3,4 
2.1 

1297.9 
Soil Borings Used for Profile SB-23-290C; SC-23-291 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

5 

5-23-3,4 LPILE Parameters 

Initials Date 

Depth to 
Depth to 

Modulus of Friction 
Top of 

Bottom Unit Weight Shear Strain, Subgrade Angle, 
Soil Type of Soil 01 Soil Strength 

Soil Layer 
Layer (kN/m') (kN/m2

) 
E.o ReacUon, k , 

(m) 
(m) 

(kPa/m) (degrees) 

Sand 0.0 2.1 19.9 - - 13,050 32 

Soft Clay 2.1 5.0 9.7 60 0.020 63,665 -
Silt 5.0 9.8 10.0 40 0.020 33,665 31 

Soft Clay 9.8 12.6 10.8 24 0.020 9,665 -
Sand 12.6 15.0 10.9 - - 32,690 41 

Press the 'Copy" button to copy this tab to a new spreadsheet. The new file should be saved In the same directory with the nama 
"S-XX-Y,Y,Y LPILE Parameters" (XX is the structure number and Y Is the support numbers for which this file applies. Complete renaming 
of the spreadsheet immediately after it Is copied by adding the structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 
(kN/m2) (kN/m2) 

Top Bottom Top Bottom 

0 16 0 2,950 

11 18 640 1,080 

21 35 1,700 2,870 

25 31 600 760 

88 104 22.220 26,140 

10/11/2001 



Lateral Load (kN) 
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--..... PARSONS BRINCICERHOFF 
=-

~ .'ilI! COIIIPUTJlTlON SHEEr II 
Subject L~gac;y Parkway Founaation S~;~m;c; D~;gn 

---------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5· 
-+ BRIDGE 23: Layer Properties - Bent 3 

Existing ground elevation = 1,297.5 m 

Top of pile = 1,295.0 m 

Assume a pile length = -12.5 m 

Description 
l&J21h- l&j21JL 

Geothech .L::.EI.LE 

Top of Pile -2.5 0.0 

Original Ground 0.0 2.5 

-1.5 1.0 

-3.0 -0.5 

-8.7 -6.2 

-10.1 -7.6 

-15.0 -12.5 

Prepared by: CER 

(Scaled from plans) 

Silt 

i:\Legacy\Single Span Bridges\Bridge 28\Layer Properties.xls 

Bent 3 1 of 1 

Page ______ of ______ P :J C J 

Made by _____ y.:~:?~j~~ ______________ _ 
Date Dec 11. 2001 

--------------------------------
Checked by 

Date 

Layer 

Layer 

Layer 

Layer 

Layer 

Printed on 12/11/01 

at 11:59 AM 

2 

3 

4 

5 



PARSONS BRINCICERHOFF 
COMPUTATION SHEET 

~ BRIDGE 23: Layer Properties - Abut 4 

Existing ground elevation = 1,297.5 m 

Top of pile = 1,302.0 m 

Assume a pile length:= -19.5 m 

Description 

Top of Pile 

Original Ground 

Prepared by: CER 

.r&J2tb- .r&J2tb-
Geothech .L:.EJ.L.E 

4.5 0.0 

0.0 -4.5 

-1.5 -6.0 

-3.0 -7.5 

8 '7 
- .1 -13.2 

-10.1 -14.6 

-15.0 -19.5 

(Scaled from plans) 

i: \Legacy\Single Span Bridges\Bridge 28\Layer Properties.xls 

Abutment 4 1 of 1 

I 0 'J i, 
Page ______ of::._____ U • .l ( 

Made by _____ :~~~~l~~ ____________ __ _ 
Oate Dec 11, 2001 

--------------------------------
Checked by _______________________ _ 

Oate 

Backfill 

Layer 

Layer 2 

Layer 3 

Layer 4 

Layer 5 

Printed on 12/11/01 

at 11:59 AM 
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PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

---",,100 
YEARS 

Subject ...... _ .................................... ~~.~.~.~y..~~.~.~~~y..: .. ~~~~.~.:_~.~.~ ................. _ ....................... . 
............................................ g .. ~~~.~ .. ~~~~y.~.~~ ............ _ ....................... - ................................. . 

GROUP Analysis BENT 2 
Determine Demand @ Top of Piles 

ft 2.00 m 

note.:. 
Bottom of Column Demands are due to Column Plastic Hinging . 

GROUP Analysis 
Determine Demand @ Top of Piles BENT 3 

footing depth -I>': ::+);[,,:6.56 ,:::::,:;;(:;1 ft 2.00 m 

note.:. 
Bottom of Column Demands are due to Column Plastic Hinging. 

Bridge 23 Pile Loads.xls demands 1 of 1 

Page 

Made by VlG 

Date 12/21/01 .... _ ..... _ ..•..•..•.•.••.... -....... . 
Checked by 

Date 

12/26/01 4:37 PM 



(~ 

Q 

Q 

Q 

Q Q 

G 

Q Q 

Q 

~ 
I 

Q Q 

Q Q 



I'~ 
'00 Yr~$ 

PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Sub 'eet Legacy Parkway Seismic Analysis & Foundation [)esign 
y ---------------------------------------------------------------. 

_________________ ~_~~£?_l?E.._~~i __ ~f!~'2'!~_CC!~~~_C!~r!_~~~C!~'5.f!Y.. _____________ _ 

BRIDGE 23: Bearing Forces and Shear Key 

DESIGN BEARING RESTRAINT: 

Bearing Lateral Forces, Earthquake only: 

Page of I .1) ();/ I 
Made bY.. _______ 'Y-C? ________________ _ 
[)ate ___________ ~~:~?_~:Q? __________ _ 
Checked by 

[)ate 

Bearing Forces Bearing Lat. Forces (from 
Plastic Shear 

(From Column 
Bent (From analysis) column force) 

strength) 

L T V L T 
2 575 1375 204 680 1413 
3 886 1987 428 1197 1758 

Bent 2 results are based on a 2-column bent, with 1.8 m columns and 2.76% Steel 

Bent 3 results are based on a 3-column bent, with 1.8 m columns, and 1.45% steel 

(Note: All earthquake loads are +/-) 

L 

1104 

1047 

Bearing Lat. Forces 112 Bnt Brg Force Control Bear. Force (From adjacent bent, for 112 span) Abut 

L T L T L 

1 N/A 1312 N/A 688 N/A 
4 N/A 675 N/A 994 N/A 

(Note: Combination of shear key+sliding force less than Pile capacity) 

Note: 

L: Longitudinal direction (Free means sliding force 40% vertical only) 

T: Transverse direction 

T 

1312 

994 

Design Bearing Restraint at Bents (Shear Key): Plastic shear value to be used 

Bent 2 L= 1,104 kn Seismic Gap = 
T= 2,068 kn Seismic Gap = 
V= 204 kn 

Bent 3 L= 1,047 kn Seismic Gap = 
T= 2,388 kn Seismic Gap = 
V= 428 kn 

I:\Legacy\Seismic Analysis\Bridge 23\Bridge 23~brg design data.xls 

Shear Key 1 of 2 

508 mm 

508 mm 

508 mm 

508 mm 

T 

2068 

2388 
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PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Page nun of n_n_ I 9 6 D 
- -

Made by _______ ~:.. _~_~~~: _________ __ _ 

Oate __________ 3~-~~_~-_0_~ _____ __ __ _ 
Checked by _________________ __ ___ _ Subject __________________ ~_~g!!.qy_eE!!~!Y?x. _______________________ _ 

Bridge 23 Oate ______________________ _______ _ 

Seismic Strategy - Super Structure Bearing-to-Substructure Connectivity 
ALL Values are Per Girder and/or Per Bearing. 

UNITS: Force: KN, Movement: mm 
Behavior Design Values 

TYPE Longitudinal Transverse Longitudinal Transverse 
·c 

.:: "r c: .:: c: 
.~ 0> 

~ ~, 'iii (1J 
II) 0> Q) Q) 

",' 
"til 'E . "0 'E 
>; "0 

Q) :J "0 
Q) 

Q) E a> E ~ z Q) .:.! Z a> 
I:i L- en Ol 0' L. -- 0> 0-Cl. co C1l II) 

co' C1l a> Q) to z · a> Q) C1l E 'E 1m C Ol ..c: C- o) , 

Ui .c C- O> 
II) C 

rJl C rJl "§ iii .~ U ~ Q) ~ a> 
"E 'E L c c,. L. C c-in in J2 a .... J2 .Q C I/) II) E c t) Q) 

.~' a> '03 Q) Q) c a> a> c 
L. L. 

U Q) E 0 u Q) E a a a II) ... L. 

ti L. L. 

U .:: Ill , c: C1l 0 '6 Q)' 0 '6 a> 
"0 "0 L4 > .~ u. > a> 

£; ..c: Q) £; £; Q) .-!. 0 -!. 0 L. 

'§ C C Co + E "0 C + E '5 .§: 
.~ "§: .§: 'co 0> 0> 

'~ . 
..c: ci> -!. 'iii ..c: -!. .!:> "0 0 a> 

oi oi in oi oi .~ + a> > + 
c: c: .!::: c II) 

0 .0 Iii .~ 0 ..Q ~ U a> Q) £ 0> :§ :g L. - :§ L. £ 'L: c: :Q :0 ~ "E "0 .!::: ~ C Q) en en >; en en ~ Q) a> 'C 'ifi Q) c: C Q) c C Q) 
E C1l co ~ :rg 

t) 
E 'co .§ (,;l 

E 0 a> -g ", -0 0. "0 "0 0. 'E :E .0 L. Q) L. a> in 0> Q) E a> a> E II) in in ..!. Q) II) (f) II) rJl ~ 
(f) > (1), > to 0 C ::J ::J 0 ::J :J 0 III '0; ~ a> Q) 'Qj 0 

Qi Cl. LL LL Q LL U. (J a::: 0:: CI) 0:: 0:: III ~ 
If) = 

cO o 
Support No, w ., 0 

,.... 
'0 ..... N C"') ~ LO C"') '<t LO O"l O"l ,....-T""'_ 

T"" cD - to'" Z 

Abutment 1 X X X N/A No 102 "No 
Bent 2 X X X 1104 Yes 508 Yes 

Bent 3 X \" X X 1047 Yes 508 YeS 

Abutment 4 X X X N/A No 102 No 

NO TE S 

1 Elastomeric bearings subject to higher displacement than service limits are assumed to slide with 
40% friction at the base. 

2 Pot Bearings will be designed to be connected to the base masonry plate by a weld connection 
designed to fail below 40% vertical bearing dead load. 

3 "No seismic restraint" means seismic strategy does not depend on restrained behavior. Fail-
Safe restraints beyond seismic movements may Iwill be provided, 

4 Sliding with a seismic gaps means the strategy restrains the sliding of the bearings at specific 
seismic design gap, after which motion is restrained, 

5 "No lateral movement of bearing (beyond service requirements )" means that the seismic gap is 
zero for bearing types, 

6 Seismic movement = seismic gap if bearing behavior is "Fused, Sliding with a seismic gap." 

7 For fail-safe restraints in the case of "Fused, Sliding with no restraints". Place the restraints 
beyond range of "Seismic relative movement." 

8 Longitudinal gap between girders and backwall, at abutments to be confirmed by service 
designer, and expansion joint opening. 

9 Longitudinally, girder impact against backwali/backfill will produce 2000 KN resistance per girder. 
No restraint when girders move away from the abutment walls. 

10 Free longitudinal girder movements are:102mm towards abutment wall to engage the wall, 565 
mm when moving away from the wall. 

Bridge 23-brg deSign data.xls 

1138 Yes 610 Yes 
2068 Yes 508 Yes 
2388 Yes 508 Yes 
1138 Yes 610 Yes 

a 
0 

Make the gap the same 
s expansion joint 
pening 

b 
a 

USE for abutment 
ackwall key location 
nd seatwidth design 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Subject: Legacy Parkway. Bndge 23 
Bent 2 Cap Joint Shear 

Made by . ..,!:B::::L:..::C:....-. ____ _ 
Date: 08116102 
Checked by: 
Date. 

kPa = 1000 Pa MPa = 1000 kPa kips = Ibf 1000 

kN = 1000 newton MN = 1000 kN ksi = 1000 PSI 

CAL TRANS: SEISMIC DESIGN CRITERIA DECEMBER 2001 VERSION 1.2 

SUPERSTRUCTURE (BENT CAP) JOINT SHEAR (SECTION 7.4) 

INPUT 

MATERIAL PROPERTIES 

Concrete: 

f'c = 31 MPa 

Reinforcing Steel: 

fy:=414 MPa 

STRUCTURE GEOMETRY I DETAILS 

Column: 

De = 1.83·m 

lac = 2.0 m 

2 
Ast = 38 1006 mm 

Bent Cap· 

Ds =2.25 m 

Beap = 2.0 m 

2 
Atop := 22 2 1006 mm 

2 A bot .= 142 1006 mm 

STRUCTURE FORCES 

Pc = 13468 kN 

Te .= 11698 kN 

1:'Legacy\Selsmlc Analysls\Bndge 23\Bent 2 
Cap_JoInCShear_23.mcd 

Diameter or cross-sectional dimenSion of column in the direction 
of bending 

Length of column reinforcement embedded Into the bent cap 

Total area of column reinforcement anchored In the Joint 
(38 - # 36) 

Bent Cap Depth 

Bent Cap Width 

Area of Flexural Reinforcement at top of cap (22 - # 36 bundles) 

Area of Flexural Reinforcement at bottom of cap (14 - # 36 bundles) 

The column aXial force mcludlng the effects of overturning 

The effective aXial force at the center of the joint includmg 
prestressing 

Tensile force associated with Mo col (see XSECTION results· Br23col out) 

1 of 4 8/19/2002 5 41 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

fl l~ 1" 
f1 t .1 

Made by. :::::B=.LC::::.-____ _ 

Subject. Legacy Parkway. Brtdge 23 
Bent 2 Cap JOint Shear 

CALCULATIONS 

Define AJh : effective horizontal JOint area 

Ajh = (Dc + Ds) Bcap 

Define AJy' effective vertical JOint area 

2 
Ajh = 8.160m 

2 
Ajv= 4.00m 

Date: 08116102 
Checked by: 
Date: 

Find fv~ average normal stress In the vertical direction within a moment resltlng JOint 

Pc 
fv =-

Ajh 
fv = 1.650MPa 

Find f h average normal stress in the hOrizontal direction within a moment resibng joint 

fh = O.OOOMPa 

(7.16) 

(7 14) 

(7.15) 

(7.17) 

Note Unless the prestressing IS specifically deSigned to provide horizontal joint compression, fh 

can typically be ignored without Significantly effecting the principal stress calculation. 

Find VJY: nominal vertical shear stress In a moment resisting jOint 

Tc 
Vjv =

Ajv 

I \Legacy\Selsmlc Analysls\Bndge 23\Bent 2 
Cap_Jornt_Shear_23.mcd 

Vjv = 2.925MPa 

20f4 

(7.13) 

8/19/2002541 PM 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject: Legacv Parkway. Bridge 23 
Bent 2 Cap Joint Shear 

CALCULATIONS - continued 

Principal Compression and Tension Stresses 

compression stress: ft. + fv 
Pc:=--+ 

2 

allowable compression stress: 

(
ft. - fv)2 2 
-- +Vjv 

2 

check: check_1:= if(PC $ 0.25·fc' "OK", "NG") 

tension stress: ft. + fv 
pt:= ---

2 (
ft. - fv)2 2 
-- +Vjv 

2 

Made by: -=B~L:..::C=----____ _ 
Date: 08116102 
Checked by: 
Date: 

Pc = 3.864MPa (7.12) 

0.25·fc = 7.750MPa (7.8) 

. .. . .... 

'~h~p~.,:1:i,'i()K~':, . 

pt=-2.2I3MPa (7.11 ) 

Note: A negative value for Pt signifies that the joint has nominal pricipal tensile stresses. 

allowable tension stress: l.0?c . ..jMPa = 5.568MPa (7.9) 

. . .-- - .. 

check: check_2:= iflpt$l.0?c . ..jMPa, "OK", "NG") '¢6~~,~~2,.¥,"iO:r(',::·,· 

Minimum Joint Shear Reinforcement: Caltrans SOC 7.4.4.2 

The volumetric ratio of transverse column reinforcement Ps continued into the cap shall not be less than the 
value specified by the following: 

(7.18) 
0.29.?c 

Ps min:= ·..jMPa 
- fy 

If the principal tension stress, Pt is less than or equal to the following, no additional reinforcement is required. 

If the principal tension stress, Pt is greater than the following, the joint reinforcement specified in 7.4.4.3 is 
required. 

O.29.?c . ..jMPa = 1.615MPa 

cl1eck_3 := ifl Pt > 0, "Jt. Shear Reinf. Not Req'd" , ifl pt $ 0.29 . .jf';: . ..j MPa, "Jt. Shear Reinf. Not Req'd" , "Jt. Shear Reinf. Req'd")) 

1:\Legacy\Seismic Analysis\8ridge 23\8ent 2 
Cap_Joint_Shear_23.mcd 

30f4 8/19/2002 5:41 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Subject: Legacy Parkway, Bridge 23 
Bent 2 Cap Joint Shear 

CALCULATIONS - continued 

Joint Shear Reinforcement: Caltrans SOC 7.4.4.3 

A) Vertical Stirrups: 

Asjv:= O.2.Ast 

Made by: ::::B=.LC:::::....-_____ _ 
Date: 08116102 
Checked by: 
Date: 

(7.19) 

Vertical stirrups or ties shall be placed transversely within a distance Dc extending from either side of 
the column centerline. The vertical stirrup area, Ajv is required on each side of the column or pier wall. 

8) Horizontal Stirrups: 

Asjh:= O.l.Ast (7.20) 

Horizontal stirrups or ties shall be placed transversely around the vertical stirrups or ties in two or more 
intermediate layers spaced vertically at not more than 18 inches (450 mm). This horizontal 
reinforcement shall be placed within a distance Dc extending from either side of the column centerline. 

C) Horizontal Side Reinforcement: 

(7.21 ) 

Longitudinal side face reinforcement in the bent cap shall beat least equal to the greater ofthe areas 
specified above. 

D) J-Dowels: 

Asjbar:= O.08.Ast (7.22) 

For bents skewed greater thatn 20°, J-dowels hooked around the longitudinal top deck steel extending 
altematively 24 inches (600 mm) and 30 inches (750 mm) into the bent cap are required. 

E) Transverse Reinforcement: 

Ast 
ps:=OA·-

2 
lac 

Transverse reinforcement in the jOint region shall consist of hoops. 

F) Main Column Reinforcemnt: 

(7.23) 

The main column reinforcement shall extend into the cap as deep as possible to fully develop the 
compression strut mechanism in the joint. 

1:\Legacy\Seismic Analysis\Bridge 23\Bent 2 
Cap_JoinCShear_23.mcd 

4of4 8/19/2002 5:41 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 974 

Made by: -=B::.::L~C:.-____ _ 

Subject' Legacy Parkway, Brtdge 23 
Bent 3 Cap Jomt Shear 

Date: 08116102 
Checked by, 
Date, 

kPa = 1000 Pa MPa = 1000 kPa kips = Ibf 1000 

kN = 1000 newton MN = 1000 kN kSI = 1000 pSI 

CAL TRANS: SEISMIC DESIGN CRITERIA DECEMBER 2001 VERSION 1.2 

SUPERSTRUCTURE (BENT CAP) JOINT SHEAR (SECTION 7.4) 

INPUT 

MATERIAL PROPERTIES 

Concrete' 

f'c = 31 MPa 

ReinforCing Steel' 

fy = 414 MPa 

STRUCTURE GEOMETRY I DETAILS 

Column 

Dc = 1.83 m 

lac = 2.0 m 

2 
Ast = 28 1006 mm 

Bent Cap: 

Ds = 2.25 m 

Bcap = 2.0 m 

2 
Atop ,= 22 2 1006 mm 

2 
A bot = 142 1006 mm 

STRUCTURE FORCES 

Pc = 13468 kN 

Tc = 11698 kN 

1'\Legacy\Selsmlc Analysis\8ndge 23\8ent 3 
Cap_JOInCShear_23 mcd 

Diameter or cross-sectional dimenSion of column in the direction 
of bending 

Length of column reinforcement embedded Into the bent cap 

Total area of column reinforcement anchored In the JOint 
(28 - # 36) 

Bent Cap Depth 

Bent Cap Width 

Area of Flexural Reinforcement at top of cap (22 - # 36 bundles) 

Area of Flexural Reinforcement at bottom of cap (14 - # 36 bundles) 

The column axial force including the effects of overturning 

The effective aXial force at the center of the JOint including 
prestressing 

Tensile force associated with Mo col (see XSECTION results' Br23col.out) 

1of4 8/19/2002541 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Made by. =B=.LC=-____ _ 

Subject: Legacy Parkway, Brtdge 23 
Bent 3 Cap Joint Shear 

CALCULATIONS 

Define AJh: effective horizontal JOint area 

Define AJv effective vertical joint area 

2 
Ajh = 8.160m 

2 
~v= 4.00m 

Date: 08116102 
Checked by: 
Date: 

Find fv' average normal stress In the vertical direction within a moment reslting jOint 

Pc 
fv=-

Ajh 
tv = 1.650MPa 

Find fh: average normal stress in the horizontal direction wlthrn a moment resltlng Joint 

1), = O.OOOMPa 

(716) 

(7.14) 

(7.15) 

(7.17) 

Note' Unless the prestressing IS specifically designed to provide hOrizontal Joint compression, fh 
can tYPically be ignored without significantly effecting the principal stress calculation. 

Frnd vJv nominal vertical shear stress in a moment resisting joint 

Tc 
Vjv =

Ajv 

I \Legacy\Selsmlc Analysis\Bndge 23\Bent 3 
Cap-JoInCShear_23 mcd 

VjV= 2 925MPa 

2of4 

(7.13) 

8/19/2002 5:41 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Subject: Legacy Parkway, Bridge 23 
Bent 3 Cap Joint Shear 

CALCULATIONS - continued 

Principal Compression and Tension Stresses 

compression stress: ft. + fv 
Pc:=-- + 

2 

allowable compression stress: 

(
ft. _fv)2 2 
-- +Vjv 

2 

check: check_1:= if(Pc $ 0.25·f'e, "OK", "NG") 

tension stress: fh + fv 
P1:=---

2 (
ft. - fv)2 2 
-- +Vjv 

2 

97G 
Made by: -=B=L:..;::C'--____ _ 
Date: 08116102 
Checked by: 
Date: 

Pc = 3.864MPa (7.12) 

O.25·f'c= 7.750MPa (7.8) 

P1= -2.213MPa (7.11 ) 

Note: A negative value for Ptsignifies that the jOint has nominal pricipal tensile stresses. 

allowable tension stress: l.0Fc·..jMPa = 5.568MPa 

check: 

Minimum Joint Shear Reinforcement: Caltrans SDC 7.4.4.2 

The volumetric ratio of transverse column reinforcement Ps continued into the cap shall not be less than the 
value specified by the following: 

. 0.29·Fc 

(7.9) 

Ps min:= ·..jMPa 
- fy (7.18) 

If the principal tension stress, Pt is less than or equal to the following, no additional reinforcement is required. 

If the principal tension stress, Pt is greater than the following, the joint reinforcement specified in 7.4.4.3 is 
required. 

O.29·Fc·..jMPa = 1.615MPa 

check_3:= if(P1 > 0, "Jt. Shear Reinf. Not Req'd" ,if( P1 $ 0.29·Fc·..jMPa, "Jt. Shear Reinf. Not Req'd" , "Jt. Shear Reinf. Req'd")) 

1:\Legacy\Seismic Analysis\Bridge 23\Bent 3 
Cap_Joint_Shear_23.mcd 

30f4 8/19/2002 5:41 PM 
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PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Subject: Legacy Parkway, Bridge 23 
Bent 3 Cap Joint Shear 

CALCULATIONS - continued 

Joint Shear Reinforcement: Caltrans SDC 7.4.4.3 

A) Vertical Stirrups: 

Asjv:= O.2·Ast 

Made by: =B=.LC=--_____ _ 
Date: 08116102 
Checked by: 
Date: 

(7.19) 

Vertical stirrups or ties shall be placed transversely within a distance Dc extending from either side of 
the column centerline. The vertical stirrup area, Ajv is required on each side of the column or pier wall. 

B) Horizontal Stirrups: 

Asjh:= O.l·Ast (7.20) 

Horizontal stirrups or ties shall be placed transversely around the vertical stirrups or ties in two or more 
intermediate layers spaced vertically at not more than 18 inches (450 mm). This horizontal 
reinforcement shall be placed within a distance Dc extending from either side of the column centerline. 

C) Horizontal Side Reinforcement: 

(7.21 ) 

Longitudinal side face reinforcement in the bent cap shall be at least equal to the greater of the areas 
specified above. 

D) J-Dowels: 

Asjbar:= O.08·Ast (7.22) 

For bents skewed greater thatn 20°, J-dowels hooked around the longitudinal top deck steel extending 
alternatively 24 inches (600 mm)and 30 inches (750 mm) into the bent cap are required. 

E) Transverse Reinforcement: 

Ast 
ps:=OA·-

2 
lac 

Transverse reinforcement in the joint region shall consist of hoops. 

F) Main Column Reinforcemnt: 

(7.23) 

The main column reinforcement shall extend into the cap as deep as possible to fully develop the 
compression strut mechanism in the joint. 

1:\Legacy\Seismic Analysis\Bridge 23\Bent 3 
Cap_Joint_Shear_23.mcd 

4of4 8/19/2002 5:41 PM 
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- - PARSONS BRINCKERHOFF 

r~ COMPUTATION SHEET 
Page ........... ~.~ ..... m .... 1 4 6 
Made by RC 

VEARS .. 

Date 8.11.00 

Subject . ~.~~'?~¥ .F.?!.~~?y..: .1?.¥~.'?!!1.i~ .~IJ?-'y'~~~...................... Checkeci b-;/······· ~ j~~." _ .. ' ... " -.... _ .. 
... ........... ~~~~l~!.~EC?~.f3.~~.I?~I)~~. ~R~~t~~!11...... ............. ....... Date ............. .E~.~:-~ L~~~:~::: ~:~: ::~ 

ACCELERA nON RESPONSE SPECTRUM: 

A= 0.6 
S = 1.5 

f (~) 
Acce[ Accel. 

(s") (g'~) I (Absolute) 
100.00 0.01 1.200 11;772 
2.00 0.50 1.200 11.772 
1.25 0.80 1.200 11.772 
1.23 0.81 1.200 11.772 
1.22 0.82 1.200 11.772 
1.20 0.83 1.200 11.772 
1.19 0.84 1.200 11.772 
1.18 0.85 1.200 11.772 
1.16 0.86 1.194 11.716 
1.15 0.87 1.185 11.626 
1.14 0.88 1.176 11.537 
1.12 0.89 1.167 11.451 
1.11 0.90 1.159 11.366 
1.00 1.00 1.080 10.595 
0.91 1.10 1.014 9.943 
0.83 1.20 0.956 9.382 
0.77 1.30 0.907 8.895 
0.71 1.40 0.863 8.466 
0.67 1.50 0.824 8.085 
0.63 1.60 0.789 7.745 
0.59 1.70 0.758 7.438 
0.56 1.80 0.730 7.160 
0.53 1.90 0.704 6.906 
0.50 2.00 0,680 6.674 
0.48 2.10 0.659 6.461 
0.45 2.20 0.638 6.263 
0.43 2.30 0.620 6.080 
0.42 2.40 0.602 5.910 
0.40 2.50 0.586 5.752 
0.38 2.60 0.571 5.603 
0.37 2.70 0.557 5.464 
0.36 2.80 0.544 5.333 
0.34 2.90 0.531 5.210 
0.33 3.00 0.519 5.093 
0.31 3.25 0.492 4.829 
0.29 3.50 0.468 4.596 
0.27 3.75 0.447 4.389 
0.25 4.00 0.429 4.204 
0.24 4.25 0.412 4.038 
0.22 4.50 0.396 3.887 
0.21 4.75 0.382 3.749 
0.20 5.00 0.369 3.623 
0.19 5.25 0.358 3.507 
0.18 5.50 0.347 3.400 

(Acc.}rn = 1.2*A*Srrrn~" 

1.40 r ------

1.20 J--r-------------
:m 1.00 +--~---------
.3 
is 0.80 +----,,--------., 
~ 0.60 +-----::--"'.......,~-----
-.; 
\l 

~ 0.40 :J-------I-----=~ .......... =:--
0.204-------+---'-------

0.00 +n-rTTTT"""T"TT"'"'rrrrr....-rn-rrl-n~n-rrT_rn_r;n_rrr~~~ 

o 0.5 1 15 2 25 3 3.5 4 4.5 5 B.5 6 

Period, T (9) 
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Ramirez. Carlos 

,From: 
(ent: 

Cooper, Tom 
Thursday, May 10, 2001 3:22 PM 

0: 
'Subject: 

Ramirez, Carlos; Subrizi, Cris D.; Wang, Fuxin; Nugent, Victoria 
FW: Legacy Parkway - Bridge 28 Abutment 

Latest on abutment fill soil data. 

-Original Message--
From: Kancheepuram "K" Gunalan [mailto:kgunalan@dot.state.ut.us] 
Sent:Thursday, May 10, 200112:40 PM 
To: Cooper, Tom 
Cc: Cchristensen@klelnfelder.com; millern@kleinfelder.com; Nobari, 
Farid; Showers, Joseph I. 
Subject: RE: Legacy Parkway - Bridge 28 Abutment 

Tom: Hi! Since the backfill. material will be an A-1-a material 
compacted to 97% in place, I think you could use,5.9.0Qm!N/m3 for modulus 
of subgrade reaction value. You will receive directiVeTrom' Joe on the 
distance between the wall and center line of pile shortly. You could 
probabl;y rely on about 50% of soil stiffness when pile moves toward the 
wall. I will confirm with waii'supplier. We have not done anything at 
the south end yet. Will let you know as soon as we have the LPILE data 
for Br. 5. Thanks. 

»> "Cooper, Tom" <Cooper@pbworld.com> 05/09/01 04:44PM »> 
,Guna, 
':'hanks for this information. there is some more information that we need 
'.>r 

.... le abutment analysis: 
Is there a modulus of subgrade reaction value available for this 
material? 
We have assumed 32,OOOkNm/m3 (sand). Please verify this value or 
provide 
another for us to use in the pile design. 
I understand that the distance from the cI of the pile to the LOL of the 
MSE' 
wall is 3 meters .. How much of the soil stiffness can we count on when 
the 
pile is moving toward the MSE wall? 
Is soil information (L-pile data) available yet for Bridge 5? 

Joe. 
Has it been decided to eliminate the piles on the ends of the wingwalls? 

Regards, 
Tom 

'It 

-Original Message--
From: Kancheepuram "K" Gunalan [mailto:kgunalan@dot.state.ut.us 
<mailto:kgunalan@dot.state.ut.us> ] 
')ent: Friday, May 04, 2001 1 :25 PM 

.. '0: Cooper, Tom 
. ;: Showers, Joseph I. 

-..;ubject: l3e: Legacy Parkway - Bridge 28 Abutment 

1 



Tom; I am sorry, I sent the backfill info to Takahiko. Asked him to 
usea 
,unti weight of 142 pcf, an angle of internal friction of 32 deg. and an 
active pressure coefficient of 0.3. With regard to down drag. I was 

'Jnder 
'the impression that the piles will be sleeved with a 18 Inch sleeve to 
take 
care of down drag within the embankment. Hope this is what you were 
looking 
for. Thanks. 

»> "Cooper. Tom" <Cooper@pbworld.com> 05/01/01 02:52PM »> 
Taka, 
A few questions on the abutment design: 

1. Do you have a general layout for the Type A abutment we are to be 
using 
for Bridge 28? Please forward to us if you do. 
We 
are currently using the layout from the 30% drawings. 

2. The DL and LL information you provided to us was per girder. How 
many 
girders does Bridge 28 have? 

What is the total DL and LL for the structure? 

Guna, could you please address the following questions? 
3. Have any decisions been made on how to handle downdrag from the fills 
on 
the project? Do you know what the assumption will be for downdrag loads 
on 
3ridge 28? 

4. Do we have soil parameters to use for the engineered fill at the 
abutments? we need this information to complete the L-pile analysis and 
determine system stiffness developed by the passive resistance of the 
soil. 

Regards. 

Tom 

2 

51 



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 23 
Support(s) 1,2 
Water Depth (m) 1.5 
Finished Grade Elevation m 1295.4 
Soil Borings Used for Profile RB-365; SC-23-290A 

Initials 

I Completed By: 

I Checked By: 

Layer Soil Type 

M r .. -f-IG!.... Sc..."'-Lt. 
1 Soft Clay 

2 Soft CI3}', 

3 Sand 

4 SoflClay 

5 Sand 

S-23-1,2 LPILE Paramelern 

Date 

Depth to 
Depth to 

Top of 
Bottom Unit Weight 
olSoi! of Soil 

5011 Layer 
Layer (kNlm3

) 
(m) 

(m) 

"n.- '$' 
0.0 1.5 18.7 

1.5 3.0 8.9 / 
3.0 8.7 10.1 

B.7 10.1 9.9 / I 
10.1 15.0 10,r{ 

I / 
I I 

/ I 
I I 
I I 

f 

Modulus of Friction 
Shear Strain, Subgrade Angle, 

Strength 
(kN/m2) E,., Reaction, k , 

(kPalm) (degrees) 

- ,- S'O,~L'\ '3.2-
L'"_J30. :::. 0.020 63,665 -

...e6a 0.020 63,665 -
/ _J - 17,070 35 

27 0.020 14,165 -
- - 22,750 38 

/~ 
/", 

,) 

Maximum Side Friction 
(kNlm2) 

Top Bottom 

0 6 

6 9 

19 46 

24 28 

5B 84 

\j 

Maximum Tip Resistance 

(kNlm2) 

Top_ Bottom 

0 220 

250 360 

4,020 9,610 

1,200 1,370 

13,120 19,100 

10111/2001 
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depth::: 0 - 9 7. Sand 

depth::: 9 7 - 11 2; Soft clay 

depth::: 11 2 - 127. Soft clay 

depth::: 127 - 184. Sand 

depth::: 18 4 - 19 8. Soft clay 

depth::: 19 8 - 24 7. Sand 
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Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
SupportCs) 
Water Depthlm) 
Finished Grade Elevation (m) 

23 
3,4 
2.1 

1297.9 
Soil Borings Used for Profile SB-23-290C; SC-23-291 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

5 

5-23-3,4 LPILE Parameters 

Initials D"te 

J 
/ 

Depth to 
Depth to V Modulus of Friction 

Top of 
Bottom Unit Weight Shear 

V Strain, Subgrade' Angle, 
Soil Type of Soil 01 Soil Strength 

Soil Layer . Layer (kN/m3
) (kN/m

2>; Eo. Reaction, k <I> 
(m) 

(m) 
(kPalm) (degrees) 

~U ... L.- 't.f.'1'\ 50'6lS"'" 3""Z... 

Sand 0.0 2.1 19.9 C:;<\. . 13,050 32 

5011 Clay 2.1 5.0 ·9.7 Yif 0.020 63,665 -
Silt 5.0 9.8 10.0 40 0.020 33,665 31 

SotlClay 9.8 12.6 10.8 24 0.020 9,665 -
Sand 12.6 15.0 10.9 . - 32,690 41 

Press the "Copy" button to copy this tab (0 a new spreadshee\. The new file should be saved in the same directory with the name 
"S-XX-Y,Y,Y LPILE Parameters" (XX Is the structure number and Y Is the support numbers for which this file applies. Complete renaming 
of the spreadsheet immediately after it is copied by adding the structure and support numbers. . 

Maximum Side FricUon Maximum Tip Resistance 
(kN/m2) (kN/m2) 

Too Bottom Too Bottom 

0 16 0 2,950 

11 18 640 1,080 

21 35 1,700 2,870 

25 31 600 760 

88 104 22,220 26,140 

10111[2001 
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.L..I-C;':IQ."'-:i .u..L. ..... na.l i.JJ...Lu.~.;;:; G.J - nUl.L,-Ult::1.lt- ':l .L.uut:;':iJ~.uUt:llL LueCK. 

2 1 0 1 1 0 

100 2 0 15 0 ()7 
0 0.406 0.000233 0.01183 1.9994815E8 

15 0.406 0.000233 0.01183 1.9994815E8 

6 12 12 0 0 

4 0 5.8 50000 50000 

4. 5.8 7.9 13050 13050 

J 7.9 10.8 0 0 
10.8 15 6 33665 33665 
15.6 18.4 0 0 

4 18.4 20.8 32690 32690 

0 21.99 
5.8 21. 99 
5.8 19.9 
7.9 19.9 
7.9 9.7 
10.8 9.7 
10.8 10 
15.6 10 
15.6 10.8 
18.4 10.8 
18.4 10.9 
20.8 10.9 
0 0 32 0 0 

5.8 0 32 0 0 

5.8 0 32 0 0 

7.9 0 32 0 0 

7.9 59 0 0.02 0 

10 8 59 0 0.02 0 

10.8 40 31 0.02 D 

15.6 40 31 0.02 0 

15.6 24 0 0.02 0 

18.4 24 0 0.02 0 

18.4 0 41 0 0 

20.8 0 41 0 0 

0 1 1 

1 
1 343 0 823 
0 
1 1 0 
300 3E-7 3 



LPI~E Plus for Windows, Version 4 

Analysis of Individual Piles and Drilled Shafts 
Subjected to Lateral Loading Using the p-y Method 

(c) Copyright ENSOFT, Inc., 1985-2000 
All Rights Reserved 

Th~_ program is licensed to: 

s. Ali Wahidi 
Parsons Brinckerhoff 

Name of input data file: 
Name of output file: 
Name of plot output file: 
Name of runtime file: 

C:\Wahidi\sacramento projects\legacy parkway\design\lpile\br23abut4.lpd 
C:\Wahidi\sacramento projects\legacy parkway\design\lpile\br23abut4.lpo 
C:\Wahidi\sacramento projects\legacy parkway\design\lpile\br23abut4.lpp 
C:\Wahidi\sacramento projects\legacy parkway\design\lpile\br23abut4.lpr 

Time and Date of Analysis 

Date: January 18, 2002 Time: 16:37:13 

Problem Title 

Legacy Parkway Bridge 23 - Abutment 4 Independent Check 

Program Options 

units Used in Computations - SI Units, meters, kilopascals 

Basic Program Options: 

Analysis Type 1: 
- ~~~putation of Lateral Pile Response Using User-specified Constant EI 

ct~'---~~ation Options: 
~~~y internally-generated p-y curves used in analysis 

- Analysis does not" use p-y multipliers 
(individual pile or shaft action only) 
Analysis assumes no shear resistance at pile tip 
Analysis inludes automatic computation of pile-top deflection vs. pile embedment length 
Analysis includes computation of foundation stiffness matrix elements 
Analysis assumes no soil movements acting on pile 
No additional p-y curves to be computed at user-specified depths 

solution Control Parameters: 
- Number of pile increments 

Deflection tolerance for closure 
- Maximum number of iterations allowed 
- Maximum allowable deflection 

Printing Options: 

100 
3.0000E-07 m 

300 
3.0000E+00 m 

- Values of pile-head deflection, bending moment, shear force, and 
soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) = 1 

Pile Structural Properties and Geometry 

Pile Length 
Depth of ground surface below top of pile 
Slope angle of ground surface 

structural properties of pile defined using 

Point Depth Pile Moment of 
X Diameter Inertia 

m m m**4 
--------- ----------- ----------

.000 .406 2.3300E-04 
15.000 .406 2.3300E-04 

15.00 m 
.00 m 
.00 deg. 

2 pOints 

Pile 
Area 

Sq. m 

1.1830E-02 
1.1B30E-02 

Soil Layering Information 

Modulus of 
Elasticity 

kN/Sq. m 

1.9995E+OB 
1.9995E+OB 
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~ne ~ULL pLULLL~ LS mooeLLeo uSLng 0 Layers 

Layer 1 is sand, p-y criteria by Reese et al.,' 
Distance from top of pile to top of layer 
Distance from top of pile to bottom of layer 
p-y subgrade modulus k for top of soil layer 
Q-Y subgrade modulus k for bottom of layer 

I" ·~r 2 is sand, p-y criteria by' Reese. et al., 
~nce from top of pile to top of layer 
ince from top of pile to bottom of layer 

p-~ subgrade modulus k for top of soil layer 
p-y subgrade modulus k for bottom of layer 

Layer 3 is soft clay, p-y criteria by Matlock, 
Distance from top of pile to top of layer 
Distance from top of pile to bottom of layer 
p-y subgrade modulus k for top of soil layer : 
p-y subgrade modulus k for bottom of layer 

1974 
.000 

5.800 
5.0000E+04 
5.0000E+04 

1974 
5.BOO 
7.900 

1.3050E+04 
1.3050E+04 

1970 
7.900 

10.800 
O.OOOOE+OO 
O.OOOOE+OO 

m 
m 

kN/ 
kN/ 

m 
m 

m 
m 

kN/ 
kN/ 

m**3 
m**3 

m**3 
m**3 

kN/ m**3 
kN/ m**3 

NOTE: Internal default values for p-y subgrade modulus will be computed for 
the above soil layer. 

Layer 4 is silt with cohesion and friction 
Distance from top of pile to top of layer 
Distance from top of pile to bottom of layer 
p-y subgrade modulus k for top of soil layer 
p-y subgrade modulus k for bottom of layer 

Layer 5 is soft clay, p-y criteria by Matlock, 
Distance from top of pile to top of layer 
Distance from top of pile to bottom of layer 
p-y subgrade modulus k for top of soil layer 
p-y subgrade modulus k for bottom of layer 

10.800 m 
15.600 

3.3665E+04 
3.3665E+04 

m 
kN/ m**3 
kN/ m**3 

1970 
15.600 m 
18.400 

O.OOOOE+OO 
O.OOOOE+OO 

m 
kN/ m**3 
kN/ m**3 

NOTE: Internal default values for p-y subgrade modulus will be computed for 
the above soil layer. 

Layer 6 is sand, p-y criteria by Reese et al., 
Distance from top of pile to top of layer 
Distance from top of pile to.bottom of layer 
p-y subgrade modulus k for top of soil layer = 
p-y subgrade modulus k for bottom of layer 

1974 
18.400 
20.800 

3.2690E+04 
3.2690E+04 

(':''''T)th of lowest layer extends 5.80 m below pile tip) 

) 

Effective Unit Weight of Soil vs. Depth 

Distribution of effective unit weight of soil with depth 
is defined using 12 points 

Point Depth X Eft. unit Weight 
No. m kN/ m**3 

---------- ----------------
1 .00 21. 99000 
2 5.80 21. 99000 
3 5.80 19.90000 
4 7.90 19.90000 
5 7.90 9.70000 
6 10.80 9.70000 
7 10.80 10.00000 
8 15.60 10.00000 
9 15.60 10.80000 

10 18.40 10.80000 
11 18.40 10.90000 
12 20.80 10.90000 

Shear strength of Soils 

Distribution of shear strength parameters with depth 
defined using 12 points 

Point Depth X Cohesion c Angle of Friction 
p- m kN/ m**2 Deg. 

-------- ---------- ------------------
.000 .00000 32.00 

5.800 .00000 32.00 
3 5.800 .00000 32.00 
4 7.900 .00000 32.00 

m 
m 

kN/m**3 
kN/ m**3 

E50 RQD 
% 

5 7.900 59.00000 .00 .0200D .D 
6 10.800 59.00000 .00 .02000 .0 
7 10.800 40.DODOO 31.00 .02000 .0 
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· 10 
11 
12 

Notes: 

18.400 
18.400 
20.800 

24.00000 
.00000 
.00000 

.00 
41. 00 
41. 00 

.UL.UVU 

.02000 

(1) Cohesion = uniaxial compressive strength for rock materials. 
(~, E50 = k rm for rock materials. 

RQD is Input only for rock materials. 

.U 

.0 

;Internal default values for E50 will be used if input value O. 

Static loading criteria was used for computation of p-y curves 

Pile-head Loading and Pile-head Fixity Conditions 

Number of loads specified 1 

Load Case Number 1 

Pile-head boundary conditions 
Shear force at pile head 
Bending moment at pile head = 
Axial load at pile head 

are Shear and Moment (BC Type 1) 
343.000 kN 

.000 m- kN 
823.000 kN 

(Zero moment for this load indicates a pinned-head condition) 

Computed Values of Load Distribution and Deflection 
for Lateral Loading for Load Case Number 1 

Pile-head boundary conditions are Shear 
Specified shear force at pile head 
Specified bending moment at pile head = 
Specified axial load at pile head 

and Moment (BC Type 1) 
343.000 kN 

.000 m- kN 
823.000 kN 

(Zero moment for this load indicates free-head conditions) 

'\th 
.~ 

m 

0.000 
.150 
.300 
.450 
.600 
.750 
.900 

1. 050 
1.200 
1.350 
1. 500 
1.650 
1. 800 
1.950 
2.100 
2.250 
2.400 
2.550 
2.700 
2.850 
3.000 
3.150 
3.300 
3.450 
3.600 
3.750 
3.900 
4.050 
4.200 
4.350 
4.500 
4.650 

'l00 
50 

. .100 
5.250 
5.400 
5.550 
5.700 
5.850 

Deflect. 
y 
m 

.108 

.102 
.094987 
.088502 
.082098 
.075802 
.069640 
.063637 
.057817 
.052202 
.046814 
.041672 
.036796 
.032201 
.027902 
.023911 
.020236 
.016883 
.013856 
.011152 
.008766 
.006689 
.004908 
.003407 
.002167 
.001166 

3.81E-04 
-2.13E-04 
-6.42E-04 
-9.33E-04 
-.001110 
-.001195 
-.001209 
-.001171 
-.001097 
-.001000 

-8.92E-04 
-7.81E-04 
-6.72E-04 
-5.70E-04 

Moment 
M 

kN- m 

-2.01E-10 
56.855 

113.395 
169.246 
224.023 
277.358 
328.894 
378.315 
425.345 
469.694 
510.977 
548.805 
582.775 
612.303 
636.774 
655.517 
667.799 
672.843 
669.832 
658.512 
639.363 
612.921 
579.748 
540.485 
495.909 
446.942 
394.692 
340.611 
287.365 
236.680 
189.489 
146.474 
108.132 

74.809 
46.721 
23.970 

6.561 
-5.584 

-12.852 
-15.805 

Shear 
V 
kN 

343.000 
342.021 
338.899 
333.399 
325.535 
315.397 
303.150 
289.065 
273.226 
255.257 
234.818 
211.844 
185.679 
155.599 
121.302 

82.384 
38.475 

-10.723 
-63.493 

-115.527 
-164.214 
-209.302 
-250.457 
-286.984 
-317.958 
-342.288 
-358.219 
-360.565 
-348.414 
-327.535 
-301. 404 
-271. 462 
-238.816 
-204.394 
-168.995 
-133.306 

-97.911 
-64.104 
-33.492 
-15.868 

Slope 
S 

Rad. 

-.043787 
-.043695 
-.043421 
-.042966 
-.042333 
-.041526 
-.040550 
-.039411 
-.038117 
-.036676 
-.035098 
-.033392 
-.031570 
-.029646 
-.027635 
-.025555 
-.023424 
-.021266 
-.019105 
-.016966 
-.014877 
-.012861 
-.010941 
-.009137 
-.007469 
-.005951 
-.004596 
-.003412 
-.002401 
-.001558 

-8.72E-04 
-3.31E-04 

7.90E-05 
3.73E-04 
5.69,E-04 
6.83E-04 
7.32E-04 
7.34E-04 
7.04E-04 
6.58E-04 

Total 
Stress 

kN/ m**2 

6.96E+04 
1.19E+05 
1.68E+05 
2.17E+05 
2.65E+05 
3.11E+05 
3.56E+05 
3.99E+05 
4.40E+05 
4.79E+05 
5.15E+05 
5.48E+05 
5.77E+05 
6.03E+05 
6.24E+05 
6.41E+05 
6.51E+05 
6.56E+05 
6.53E+05 
6.43E+05 
6.27E+05 
6.04E+05 
5.75E+05 
5.40E+05 
5.02E+05 
4.59E+05 
4.13E+05 
3.66E+05 
3.20E+05 
2.76E+05 
2.35E+05 
1.97E+05 
1.64E+05 
1.35E+05 
1.10E+05 
9.05E+04 
7.53E+04 
7.44E+04 
8.08E+04 
8.33E+04 

FIx. Rig. 
El 

kN- m**2 

4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 
4.66E+04 

Soil Res 
p 

kN/ m 

0.000 
-13.052 
-28.581 
-44.751 
-60.098 
-75.073 
-88.219 
-99.583 

-111. 611 
-127.966 
-144.556 
-161.767 
-187.095 
-213.977 
-243.315 
-275.595 
-309.861 
-346.113 
-357.489 
-336.293 
-312.870 
-288.304 
-260.420 
-226.615 
-186.363 
-138.043 
-74.365 

43.084 
118.921 
159.472 
188.937 
210.292 
224.986 
233.972 
238.019 
237.835 
234.107 
216.642 
191.519 

43.477 
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O . .L:)U -.j.OOJ<.;-Uq -J.O.::1UU -q.O::1q !).q!)I!;-Uq tJ.bUE+U4 4.bbE+U4 31.169 
6.300 -3. llE-04 -19.317 -.438 4.83E-04 8.64E+04 4.66E+04 25.587 

7 1. 6.450 -2.43E-04 -19.151 3.018 4.21E-04 8.63E+04 4.66E+04 20.488 
6.600 -1. 85E-04 -18.516 5.749 3.61E-04 8.57E+04 4.66E+04 15.920 
6.750 -1.35E-04 -17.515 7.836 3.03E-04 8.48E+04 4.66E+04 11.911 
6.900 -9.41E-05 -16.240 9.364 2.4BE-04 8.37E+04 4.66E+04 8.469 
7.050 -6.07E-05 -14.767 10.419 1.98E-04 8.24E+04 4.66E+04 5.587 
7.200 -3.45E-05 -13.163 11. 081 1.53E-04 8.10E+04 4.66E+04 3.245 
7.350 -1. 47E-05 -11. 481 11.430 1. 14E-04 7.96E+04 4.66E+04 1.411 

500 -4.19E-07 -9.762 11. 539 7.95E-05 7.81E+04 4.66E+04 .040981 
550 9.16E-06 -8.039 11.474 5.09E-05 7.66E+04 4.66E+04 -.914 

.. 800 1.48E-05 -6.332 11.292 2.78E-05 7.51E+04 4.66E+04 -1.511 
7.950 1.75E-05 -4.658 10.409 1. 01E-05 7.36E+04 4.66E+04 -10.255 
8.100 1. 79E-05 -3.212 8.866 -2.61E-06 7.24E+04 4.66E+04 -10.330 
8.250 1.67E-05 -1. 998 7.333 -1.10E-05 7.13E+04 4.66E+04 -10.100 
8.400 1.46E-05 -1. 009 5.852 -1. 58E-05 7.04E+04 4.66E+04 -9.650 
8.550 1.19E-05 -.238 4.451 -1.7BE-05 6.98E+04 4.66E+04 -9.033 
8.700 9.21E-06 .330 3.152 -1. 77E-05 6.99E+04 4.66E+04 -8.283 
8.850 6.64E-06 .712 1.974 -1.60E-05 7.02E+04 4.66E+04 -7.426 
9.000 4.41E-06 .926 .931 -1. 34E-05 7.04E+04 4.66E+04 -6.478 
9.150 2.62E-06 .995 .036785 -1.03E-05 7.04E+04 4.66E+04 -5.449 
9.300 1.32E-06 .940 -.697 -7.18E-06 7.04E+04 4.66E+04 -4.333 
9.450 4.69E-07 .787 -1.252 -4.39E-06 7.03E+04 4.66E+04 -3.070 
9.600 4.56E-ll .565 -1. 493 -2.22E-06 7.01E+04 4.66E+04 -.143 
9.750 -1.96E-07 .340 -1.332 -7.59E-07 6.99E+04 4.66E+04 2.295 
9.900 -2.28E-07 .166 -.979 5.64E-08 6.97E+04 4.66E+04 2.412 

10.050 -1.79E-07 .046491 -.631 3.99E-07 6.96E+04 4.66E+04 2.227 
10.200 -1. OBE-07 - .023110 -.323 4.36E-07 6.96E+04 4. 66E+04 1. 881 
10.350 -4.80E-08 -.050371 -.073678 3.18E-07 6.96E+04 4.66E+04 1. 436 
10.500 -1.25E-08 -.045292 .103 1.64E-07 6.96E+04 4.66E+04 .917 
10.650 1.20E-09 -.019567 .140 5.97E-OB 6.96E+04 4.66E+04 -.419 
10.800 5.43E-09 -.003263 .056645 2.29E-08 6.96E+04 4.66E+04 -.694 
10.950 B.08E-09 -.002579 .004351 1.35E-08 6.96E+04 4.66E+04 -.002979 
11.100 9.49E-09 -.001961 .003861 6.22E-09 6.96E+04 4.66E+04 -.003545 
11. 250 9.95E-09 -.001422 .003313 7.74E-10 6.96E+04 4.66E+04 -.003767 
11. 400 9.72E-09 -9.67E-04 .002750 -3.07E-09 6.96E+04 4.66E+04 -.003730 
11. 550 9.03E-09 -5.96E-04 .002208 -5.59E-09 6.96E+04 4.66E+04 -.003509 
11.700 8.04E-09 -3.04E-04 .001707 -7.04E-09 6.96E+04 4.66E+04 -.003168 
11. 850 6.91E-09 -8.23E-05 ; 0012 62 -7.66E-09 6.96E+04 4.66E+04 -.002758 
12.000 5.75E-09 7.70E-05 8.81E-04 -7.67E-09 6.96E+04 4.66E+04 -.002321 
12.150 4.61E-09 1. 84E-04 5.66E-04 -7.25E-09 6.96E+04 4.66E+04 -.001887 
12.300 3.57E-09 2.49E-04 3.13E-04 -6.55E-09 6.96E+04 4.66E+04 -.001479 
12.450 2.65E-09 2.80E-04 1.19E-04 -5.70E-09 6.96E+04 4.66E+04 -.001110 
12.600 1.86E-09 2.86E-04 -2.34E-05 -4.79E-09 6.96E+04 4.66E+04 -7.90E-04 
'<.750 1.21E-09 2.74E-04 -1.22E-04 -3.89E-09 6.96E+04 4.66E+04 -5.20E-04 

.i ~OO 6.95E-I0 2.50E-04 -1. 83E':'04 -3.05E-09 6.96E+04 4.66E+04 -3.02E-04 
~i50 2.98E-I0 2.20E-04 -2.16E-04 -2.29E-09 6.96E+04 4.66E+04 -1.31E-04 

J.J.200 7.69E-12 1.86E-04 -2.26E-04 -1. 64E-09 6.96E+04 4.66E+04 -3~42E-06 
13.350 -1. 93E-I0 1.52E-04 -2.20E-04 -1. 09E-09 6.96E+04 4.66E+04 8.67E-05 
13.500 -3.20E-10 1.20E-04 -2.02E-04 -6.54E-10 6. 96E+04 4.66E+04 1.46E-04 
13.650 -3.89E-10 9.17E-05 -1.78E-04 -3.13E-I0 6.96E+04 4.66E+04 1.79E-04 
13.800 -4.14E-10 6.71E-05 -1.50E-04 -5. 72E-ll 6.96E+04 4.66E+04 1.92E-04 
13.950 -4.06E-10 4.67E-05 -1.21E-04 1.26E-I0 6.96E+04 4.66E+04 1. 91E-04 
14.100 -3.76E-10 3.07E-05 -9.36E-05 2.51E-I0 6.96E+04 4.66E+04 1. 79E-04 
14.250 -3.31E-I0 1.86E-05 -6.82E-05 3.30E-I0 6.96E+04 4.66E+04 1.59E-04 
14.400 -2.77E-I0 1.01E-05 -4.62E-05 3.76E-10 6.96E+04 4.66E+04 1.34E-04 
14.550 -2. 18E.,.10 4.63E-06 -2.81E-05 4.00E-I0 6.96E+04 4.66E+04 1. 07E-04 
14.700 -1.57E-10 1.56E-06 -1. 43E-05 4.10E-10 6.96E+04 4.66E+04 7.79E-05 
14.850 -9.55E-ll 2.42E-07 -4.85E-06 4.13E-I0 6. 96E+04 4.66E+04 4.78E-05 
15.000 -3.36E-11 0.000 0.000 4.13E-I0 6.96E+04 4.66E+04 1. 70E-05 

Output Verification: 

Computed forces and moments are within specified convergence limits. 

Output Summary for Load Case No. 1 ; 

Pile-head deflection .1081 m 
Computed slope at pile head -4.3787E-02 
Maximum bending moment 672.843 kN- m 
Maximum shear force -360.565 kN 
Depth of maximum bending moment 2.550 m 
Depth of maximum shear force 4.050 m 
Number of iterations 26 
Number of zero deflection points 6 

Summary of Pile-head Response 

Definition of symbols for pile-head boundary conditions: 

y = pile-head disp1acment, m 



v 
S 
R 

BC 
Type 

p~~e-neaQ snear rorce, KN 
pile-head slope, radians 
rotational stiffness of pile-head, m- kN/rad 

Boundary Boundary Axial pile Head 
Condition Condition Load Deflection 

1 2 kN m 

Maximum 
Moment 

m- kN 
------------ ------------ ----------- ----------- -----------
V= 3.430E+02 M= O.OOOE+OO B23.000 .10B 

Computed Pile-head Stiffness Matrix 
K22, K23, K32, K33 for superstructure 

672.843 

Maximum 
Shear 

kN 
-----------

-360.565 

Lateral K22 K23 Bending K32 K33 
Load Moment 

kN kN/ m kN/Rad m- kN m- kN/ m m- kN/Rad 
----------- ----------- ----------- ----------- ----------- -----------

3.43000E+Ol 5.05902E+04 4.76582E+04 1.00000E+Ol 4.65566E+04 
1.03253E+02 2.82285E+04 4.75328E+04 3.01030E+01 3.24747E+04 
1. 63 653E+02 2.23594E+04 4.66642E+04 4.77121E+01 2.82623E+04 
2.06507E+02 2.01342E+04 4.59715E+04 6.02060E+01 2.65435E+04 
2.39747E+02 1.89643E+04 4.53770E+04 6.98970E+01 2.55966E+04 
2.66906E+02 1.B2340E+04 4.47792E+04 7.78151E+01 2.49852E+04 
2.89869E+02 1.77129E+04 4.43245E+04 B.45098E+01 2.45491E+04 
3.09760E+02 1.72 616E+04 4.38471E+04 9.03090E+01 2.41879E+04 
3.27305E+02 1.68642E+04 4.34531E+04 9.54243E+01 2.38726E+04 
3.43000E+02 1.65102E+04 4.30458E+04 1.00000E+02 2.35920E+04 

Pile-head Deflection vs. Pile Length 

Boundary Condition Type 1, Shear -and Moment 

Shear 
Moment 
Axial Load 

~~_le 

jlth 

--~ .. -------
15.000 
14.250 
13.500 
12.750 
12.000 
11.250 
10.500 

9.750 
9.000 
8.250 

The analysis 

Pile Head 
Deflection 

m 
----------

.131 

.131 

.131 

.131 

.131 

.131 

.131 

.131 

.131 

.131 

343. kN 
100. m- kN 
823. kN 

Maximum 
Moment 

m- kN 
----------

788.304 
788.152 
788.318 
787.844 
787.226 
787.852 
787.285 
787.241 
787.415 
787.421 

ended normally. 

Maximum 
Shear 

kN 
----------

-418.106 
-417.645 
-418.718 
-417.807 
"'"417.771 
-419.046 
-418.057 
-418.567 
-419.280 
-419.415 

7.03197E+04 
7.02003E+04 
6.93399E+04 
6.B6674E+04 
6.81066E+04 
6.75721E+04 
6.71609E+04 
6.67560E+04 
6.64186E+04 
6.60847E+04 
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depth= 0 - 5 8, Sand 

depth= 58- 7.9, Sand 

depth= 7 9 - 10 8, Soft clay 

depth= 108 - 156, Silt 

depth= 156 - 184, Soft clay 

depth= 18 4 - 20 8, Sand 
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Lateral Deflection (m) 
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GROUP Analysis 
Detennine Demand @ Top of Piles 

nom;, 

PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject ............................................. !:.':.f!.~9.: .. ~~~~~y..: .. ~~~~.~ .. ?.~~ .............................. _ .... " ...... . 
............... "_ ..... " ................. ~~9Y.~ .. ~.~~!!.:~.~~ .... _ ... __ " ...................... __ .......................... . 

BENT 2 

ft 2.00 m 

Bottom of Column Demands are due to Column Plastic Hinging. 

GROUp Analysis 
Detennlne Demand @ Top of Piles BENT 3 

ft 2.00 m 

Bottom of Column Demands are due to Column Plastic Hinging. 

Br 23 Pile Loads Check.xls forces on top of pile 1 of 1 

Page 

Made by SAW .......................................... 
Date 1/24/02 ......................................... 

Checked by ................... " ................... . 

Date 



GROUp Analysis 
Determine Demand @ Top of Piles 

PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject ............................................ ~~~~:¥. .. ~~!:~~.~~.: .. ~~~~.~.:.?.~.~ ............................................ . 
............................................ ~.~.~.~~ .. ~~.~!.¥.~~~ ......................................................................... . 

BENT 3 40 #11 (#36) rebars 

footing depth =H;:;+'!i;++H6.56';:;:;::; ::::;;1 ft = 2.00 m 

Bottom of Column Demands are due to Column Plastic Hinging. 

Br 23 Pile low reinf Check.xls forces on top of pile 1 of 1 

Page 

Made by SAW 

Date 1/28/02 

Checked by 

Date 
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INTRODUCTION 

LEGACY PARKWAY 
BRIDGE 24A SEISMIC DESIGN STRATEGY 

REV 2 

Seismic Design of the bridges for the Legacy Parkway project is primarily based on AASHTO 
and amended by project specific design criteria, which, addresses issues not specifically 
accounted for by the AASHTO code. 

GENERAL STRUCTURE DESCRIPTION 

The structure is 209.0 m long with four-spans (42.0 m - 65.0 m - 60.0 m - 42.0 m). The 
substructure consists of short seat type abutments and single column bents with non-integral 
caps. The abutments are supported by two rows of concrete filled steel pipe (406 mm diameter 
x 10 mOm) piles. Columns range in height from 8 m to 10 m. The columns are octagonal with a 
diameter of 2.5 m. Each column is supported on individual pile footings, with similar concrete 
filled steel pipe piles. The superstructure consists of 4 built up steel girders made composite 
with a concrete deck. Superstructure girders are typically supported on bridge elastomeric 
bearings. 

LEVEL OF PERFORMANCE 

This structure is designed as an "Essential Bridge" under the definition provided by AASHTO 
(Division i-A). The seismic performance of the structure is "Serviceability", following minor 
repairs, which may be required, after the event of "Design Level Earthquake" 

SEISMICITY 

Seismic design load corresponds to a PGA of 0.60g, per UDOT recommendations. AASHTO 
curves for Type III soil are used to account for soil amplification. 

SEISMIC BEHAVIOR 

Seismic design strategy for this structure consists of: 
• Lateral load transfer to piers, via bearings 
• Mobilization of backfill soil behind the abutments. 
• Limited plastic hinging in columns 

The strategy includes strength design of bearing connections to resist service loads such as 
wind, and braking forces, as well as, the design level earthquake. The bearing connections are 
designed to transfer forces to the substructure. The columns were designed using a reduction 
factor (R) of 3, as permitted by AASHTO for single columns designed for Category D. This 
design approach results in an estimated maximum top of column deflection of approximately 
100 mm. 

Over a Century of 
Engineering Excellence 1/2 

AI 
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REV 2 

At the abutments, and primarily in the longitudinal direction, the backfill soil provides additional 
resistance strength to limit the extent of superstructure movement. Backfill contributions to 
longitudinal as well as transverse directions (i.e. through interaction with wing-walls, and fin
walls) has been limited to 7.7 KSF passive resistance. 

EXPECTED DAMAGE UNDER DESIGN EVENT 

Damage to the abutments will be limited to backwall failure. The superstructure is expected to 
displace longitudinally on the abutment seats. The abutment seats are sized to accommodate 
the estimated seismic displacements. 
The expected inspection and immediate repair which may be required, following a design level 
earthquake, will be centering the bridge near it's original position, and temporary repairs over 
bridge joints to allow for traffic. While the bridge can be opened to traffic following the 
immediate repair tasks, follow-up repairs may be necessary to replace damaged elastomeric 
bearings. Refer to table below for expected seismic performance of various bridge 
components. 
Note that use of isolation bearing, which could be used for this project, can reduce the extent of 
bearing damages and/or required repairs, after the event of a design level earthquake. 

~ bl 1 E tdS' 'Pro a e xpec e e/smlc e ormance 
Abutments 

Bearings 
Columns 
Foundations 
Joints 

Over a Century of 
Engineering Excellence 

-
-
-
-
-
-
-

Damage to backwall possible 
Maximum longitudinal displacement - 4 inches 
Essential~ elastic pile response 
Fuse feature at abutment, may require replacement 
R = 3, cracking and spalling. Repair by epoxy injection. 
Piles remain essentially elastic 
Moderate damage requiring minor repair 

2/2 



Legacy Parkway , 
Laterat PIle Anatysls 
50.1 Paramelers for LPILE or GROUP 

Structure 24A 
Support(s) 1 
Water Depth (m) 14 
FInIshed Grade Elevat.on (m) 12952 
SOIl Borongs Used for Profile LSB-24-498 

tnol.als Date 

I Completed By 

I Checked By 

Depth \0 
Depth to 

Modulus of Fnctlon 

Top of 
BoUom Unit We.ght Shear StraIn, Subgrade Angle, 

MaxImum S.de FnclJon MaxImum Tip Res.stance 
layer SOIl Type o(So,1 o(So" Strength (kNfm2) (kNlm2) 5011 Layer 

Layer (kN/m') (kNlm2) E.o Reactton, I<. ~ 
(01) 

(m) 
(kPalm) (degrees) 

Top_ Bottom Top Bottom 

1 Sand 0'0 06 207 · · 57,600 41 0 7 0 1,860 

2 Sand 06 14 195 · · 900 29 4 9 550 1,240 

3 Sand 14 38 97 · · 740 29 9 16 1,170 2,150 

4 SIll 38 126 100 44 0027 38,165 30 14 39 1,160 3,170 

5 Sand 126 30 a 105 · · 25,590 39 75 173 17,520 40,520 

S-24A-1 LPILE Parameters 10/0312001 



legacy Parkway 
laleral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
Suppor1(s) 
Water Deplh (m) 
Finished Grade Elevation (m) 
Soil Boring' Used lor Profile 

I Completed By: 

I Checked By: 

Layer 

1 

2 
3 
4 

5 
6 

S-24A-2 LPILE Parameters 

24A 
2 

1.0 
1295.0 
RB-372 

Initials Dale 

Depth to 
Top of 

Soil Type 
Soli Layer 

(m) 

Soft Clay 0.0 

SoflClay 1.0 

Sand 5.0 

SofiClay 7.1 

Sand 12.2 

Soft Cla~ 18.7 

Depth to 
Bottom UnilWaight Shear 
olSoi! 01 Soil Strength 
Layer (kNlm") (kNlm2) 

(m) 

1.0 19.6 50 

5.0 9.7 50 

7.1 10.1 -
12.2 10.1 28 

18.7 10.1 -
30.0 11.4 100 

Modulus 01 Friction 
Maximum Side Friclion Maximum Tip Resistance Slrain. Subgrade Angle, 

Reaction, k (kNlm2) (kNlm2) 
E,;o ~ 

(kPalm) (degrees) 

Top Bottom Top BOUom 

0.020 4B,665 - a 4 a 140 

0.020 48,665 - 4 13 140 420 

- 14,230 34 25 35 5,120 6,980 

0.020 15,665 - 11 29 580 960 

- 17,780 36 62 93 13,060 19,590 

0.015 123,665 - 58 96 3,990 6,590 

10/03/2001 



Legacy Parkway 
Lateral Pile Analysis 
Sail Parameters for LPtLE or GROUP 

Structure 24A 
SUPJlort(s) 3,4,5 
Waler Deplh (m) 0.9 
Finished Grade Elevation (m) 1295.5 
Soil Borings Used for Profile RB-373; RC-373; RB-367 

Initials 

I Completed By; 

I Checked By; 

layer Soil Type 

1 Sand 

2 Soft Clay 

3 Sand 

4 Sand 
5 SoR Clay 

6 Sand 

7 Sand 

8 Stiff Clay with Free Waler 

9 Sand 

S-24A-5 LPILE Parameters 

Date 

Deplh to 
Depth to 
Bottom Unit Weight Shear 

Top of 
Soil Layer 

of son of Soil Slrenglh 

Layer (kN/rJl') (kN/ml) 
(m) 

(m) 

0.0 0.9 20.3 -
0.9 4.4 9.7 63 

4.4 6.9 10.5 -
6.9 . 8.8 9.7 -
B.B 11.6 9.B 36 

, 1.6 12.9 10.1 -
12.9 21.0 10.9 -
21.0 22.5 9.7 89 

22.5 30.0 10.9 -

Modulus of Frictio" Maximum Side Friction Maximum Tip Resistance Slrain, Subgrade Angle, 
Reaction, k (kN/ml) (kN/mz) 

E.o + 
(kPalm) (degrees) 

Top Bottom Top BOUom 

- 37,350 37 0 9 0 2.080 
0.020 68,165 - 4 12 150 440 

- 27,010 39 28 43 6,850 10,260 

- 4.290 30 28 34 4.240 5,230 
0.020 27,665 - 22 2B 760 970 

- 6,550 32 49 54 6,510 9,400 

- 32,690 41 82 135 20.630 33.860 

0.020 107,165 - 54 56 2,380 2,530 

- 32,690 41 144 193 36,050 48.300 

10/01/2001 



LEGACY PARKWAY 

BIiIDGEZ .... 

PILE CAPACITY SUMMARY· PP _ 53 IIi"' x :III, 

YIELD STRENGTH ...... UP. 

_1 1"'r1fIl GeoI_Capdypet Pile (2.25tS~ Load) 

Benl2 Ta-vot GeoIo_ ~ pet PM r2.25x_ Lood) 

Benl3 1"11"1 G.oI_ ~y pot PM (225tSaMCO Load) 

_ 4 1a-vot Goot_ c.p.;..ty pet Pila (2.25xS.,...,. Lood) 

_ S 1",11"1 GeoI_ ClIpdy per PM (225xS8MCO Load) 

(10<11"1 _ Load Pr_ by SJlualla/ EngIno ... ) 

A B 

3,503 I<N 
1,262 _N 
1,251 kN 

1,111 I<N 

3,503 I<N 

C D E F 

lrultala Date 

Compleled BI" NM. 1h'4\o-z.. 
118V_81" 

&A-- '7(/~C() ~ 

G H K L M 
LOQlion Flnl.hed GrAde 8ottomof PU. EoL Eml>onkm EoU"",lod Plio MlntmumPU. SolVloa Uplift S,'amlc Solomlc S.rvI,. Load Roqulred Driving Eol Plio E.Umated Maximum e.t. Elevation of 

Elovallan Cop ElovoU"" Height TlpElovoUon Tip Elovallon Load RIIl.lanG' Compr .... lon Uplift IDL+LL) Real.tance Longlh wi 1111 Struclurat Load In Plio I~) Neutral Plan. 

1m) 1m) 1m) 1m) 1m) I~\ 1I .. lolonoo IkH\ 1I •• lotonoo IkH) IkH) IkH) 1m) (SeNlel Load + Drag Load) 1m) 

5-24A _1 1304 0 12978 9 12800 12800 565 rJa rJ. 1,557 3,503 178 2,828 12800 

5-24 ... B0<1I2 121145 12909 rJa 12635 12655 1,028 2,375 1,383 581 2558 274 2744 12635 

5-24 ... B0<1I3 12980 12114. rJa 12728 12728 885 2,368 1,388 558 2,507 215 1,988 12729 

5-24A BOllI. 12995 1295 8 rJa 12747 12747 875 2368 1,388 518 2708 212 2135 12747 

5-24A _0<115 13108 13058 158 12788 12798 1,084 rJa rJo I,SS7 3503 262 3,607 12817 

Location Borlnlilll UHd 'or SoU Prom. 

5-24 ... Ab&Ament: 1 LSB-24-498 

5-24 ... Bent 2 118-372 

5-24 ... BonI3 RB-367 

5-24 ... BonI4 118-373 IIC-373 

So24A Abulmenl5 IIB-373, RC-373 

Des&tlpUon of InfonnaUon Pru8nted In Ea&h Column: 

A. finished Grldo Elavillon· Top 01 approach slab eleva\lOll at abutment locotions Ind adlacent ground elevation" bent locations as shown on the sbucture Plan and ProWe draWIng pro\llded 

s- Boltom a' Pili Cap Elevallon • Elevabon at tho bottom 01 tho pdo cop IS scaled from tho stsucturo Plan and Profilo drawing provoded 

C- Esllm.",d Embanlu1Nnt HeIght· Elevabon difference belWO«! tho lop 01 tho Ipproach slab and tho nativo ground suriace at tho abutmenl as scaled from the structure Plan and ProWo drawing prOVIded 

D EsUmaled Pile Tip Elevallon • Eolomaled elovation 10 whIch tho boIIonl 01 tho plio wID noed 10 be dolven 10 develop tho required capaCIty and meet the selUemont Clltoria IAddobonai depth may be rO<luored 10 reach requwed resislance dunng dri\l1ng ) 

E: MInimum Pile Tip Elevilion • Esbmated ml(llmum eleva\lOlllO which tho boUorn 01 tho pdo WIll need 10 be dnven 10 meet seWement Clltena should the rO<luored capacIty be reached above the Target Pole Tip Elevabon 

F Setvlce Uplift Load Resistance. (Ullomale Fncllon ResostancoYIFS-2.2S) 

G Seismic Compro .. lon Resistance = Ullomato Fncbon and End Bearing ReslStancO nogloctong the conlnbullon 01 polentlally llquofiabl. zan.. IMSHTO allows tho us. 01 the ulumalo fricUon reslstanco value to resIst seIsmIc upl"t loads) 

H Seismic Uplift R.slstance = Ullimale FncI>on R .... Ianc. noglecllng the contnbuUon of potenUally liquefiable zones (AASHTO allows the use of the ulUmale friction resIstance value 10 ros .. t s_mlc uplift loads) 

Setvlce Laid (DL + LL) • The maxunum load that con be applied at tho lop 01 tho plio by tho .bucturo provided tho plla Is drivon 10 the assumed capacity 

J, Roqulr.d Driving Roaistanca • Tho minimum load (sorvica load x 2 25 or raquired solsmlc resislanco plus osUmalod 10 .. during IIquofaction, whichever I. groater) thai must be verified In tho fiold by PDA 

K, EsUmated Plio Length wi Fill· The estimaled length 01 pile rO<luirod Calculated as (Bottom Of Plio Cap. ESUmaled Tip flevation) rounded up to the near .. t mater (Actual lengths may vary depondlng on driving 

condllion$ encounlered al each pile location ) 

L. Esllmlled Structural LOld In the Plio· The largest load that will devolop In the pIle duo 10 sbuctural SIMCO dead loads and drag loads ThIs load occurs at the neutral plane whero oqullobolum exists between the Sum o'the downward acUng 

permanent load ISIMceload) applied althe top 01 tho plio and drag load due 10 negative skin friction and the sum of upward acUng positive shaft reslstanco and mobilIZed toe resIStance 

M EsUmated Elevallon 0' Neutral Plane· The level In tho pliO whero rolaUv8 movemenl bOlWeon tho pUe and aoiIls zero 

N EsUm.ted Pili Tip Settl.manl· The magnotude 01 pde Up •• Wemenl req .. red to mobilIZe osUmaled plio bp loads This does not Include .lasUc compression of tho Pde 

N 
e.timaled Pile 

Tip Settlement 

Imm) 

3 

1 

\ 

I 

3 

07/11/2002 



Memorandum ** <: La... 

Date: 11109/2001 revised 5/17/02 

To: Joe Showers 

From: K. N. Gunalan 6'-4 ~ \AAAO-\ ~ 
Curt Christensen 

Subject Geotechnical Recommendations for Bridge 24A 

Cc: DocC, Kleinfelder, Tom Cooper 

Introduction 

LEGACY 

File Code: GDM-STR-007rev 1 

This memorandum presents our Geotechnical evaluatIon and recommendations developed in 
accordance with UDOT's Geotechnical MOl for Bridge 24A. Included herein is our evaluation 
of liquefaction and lateral spread concerns at the bridge location. Detailed descriptions of our 
understanding of the project, geology, soils encountered etc. will be incorporated into the project 
Geotechnical report and submitted along with other documents as part of final submittal for the 
project. This information will be maintained in the project files for reference until being 
incorporated into the final report. 

General Geotechnical Conditions 

Geotechnical conditions at the site are defined by previous investigations performed for UDOT. 
Based on the information obtained during those investigations and a subsequent investigation 
undertaken by FAK, the profile at the north interchange can be defined as consisting of 
interbedded medium stiff to stiff silts, clay and loose to very dense sand and gravel layers in the 
upper 10 to 15 meters. Dense to very dense silty sands, poorly graded sands and poorly graded 
gravel with lenses of silts and clays were encountered below 10 to 15 meters. Ground water was 
encountered at depths ranging from 1.0 to 1.5 meters. 

Liquefaction Potential 

Bridge 24A falls within the Fannington Siding landslide complex, which consists of liquefaction 
induced landslides. The bridge site is located withm the older mapped portion of this complex, 
approximately 0.5 km southeast of the mapped contact with the younger portion of the complex. 
These slides date back to latest Pleistocene and Holocene time. UGS studies indicate that 
susceptibility to liquefactIOn induced land sliding may be less than the earlier times due to lower 
average lake and associated ground water levels. The study also indicated that above average 
preCIpitation could create locally perched conditIOns WhICh when subject to strong ground 



Memorandum ~ 
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lEG A C Y 

motions could liquefy and slide. Therefore, a study was undertaken to evaluate the potential for 
liquefaction and lateral spread at Bridge 24A. Information obtained from a total of four 
exploratory borings located at or near the bridge site were used in this evaluation. Evaluations 
indicated layers of silts and sands may liquefy under an earthquake of magnitude 7.3 with a peak 
horizontal ground acceleration of O.6g. 

Additionally, soil profiles from the borings at the bridge site were reviewed for liquefaction 
induced lateral spread potential. Based on the analysis, liquefaction induced settlement was 
determined to range from 15 m.m in boring RB-367 to 95 mm in boring RB-372. The potential 
for lateral spread was estimated to be negligible in two of the borings with up to 1.2 m in boring 
RB-373. The lateral spread magnitude evaluated in boring RB-373 was based on field and 
laboratory data from Phase I investigations. It is our opinion that further testing would indicate 
that the layer contributing to the lateral spread is actually made up of thinner layer and therefore 
the magnitude would be much smaller. 

Recommendations 

It is our understanding that 406 mm (16 in.) diameter pipe piles are being proposed for the bridge 
foundations and that the anticipated service load per pile at the abutments 1 and 5 is 1557 kN. 
Service load per pile at the bents 2 through 4 range from 516 leN to 561 kN. Seismic uplift 
resistance required at bent 2 through 4 range from 1165 leN to 1388 kl"l'. Recommended pile 
capaciues and Geotechnical parameters required for analysis and design are presented in attached 
table. 



Legacy Parkway 
Bridge 24A 

Seismic Design Calculation Check 

Pile Foundation Analysis ?~ v>vJ 
The pile foundation check analyses inc~in the Seismic ~ Calculaiion 
were performed jointly by Partha Sircar and David Williams in order to provide 
checking function and independent assessment. 

The design loads for the foundation design check were based on the plastic 
hinge capacities of the piers (with overstrength) and deformed shape. They were 
provided by structural design engineer Stephane Dulor. 

Soil properties were provided by Kleinfelder. Sensitivity analyses were 
undertaken to ensure the design was not sensitive to variation in certain soil 
properties. 

Critical load cases were undertaken for design of the separate pier foundations. 
Critical load cases were selected based on the design loads applied to the 
foundation and the soil properties for the foundation. The direction of loading 
was in either principal axis or the diagonal. The soil properties at Bents 2, 3 and 
6 were sufficiently different to warrant separate analysis. The foundation at Bent 
4 was considered to fall within the other foundations analysed. The foundation 
footing at Bent 5 had a non square configuration requiring separate analysis. 

The results of the foundation analysis included maximum pile displacements and 
combined stresses, foundation stiffnesses and determination of the required 
geotechnical axial capacities of the piles. These are used by Kleinfelder for their 
determination of pile tip elevations. 
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Legacy Parkway - Bridge 24A 
Foundation Check Analysis 

By: P. Sircar, 12/24/01 

Chk'd: D. Williams, 01/02/02 

Design Parameters: 
1. Footing: 8.S3m x 8.S3m x 2.6m (28' x 28' x 8.5'), 

2. Soil wt. 

3. No. of Piles: 

Bent 2 - Buoyantwt.: 2600 kN (584 kip) 

Bent 3 &4 - Dry wt: 4440 kN (1000 kip) 

Overburden (dry wt.): 1380 kN (310 kip) 

32 (406 mm-diameter) 

4. Soil Properties: 

5 .. Loading: 

Tables S-24A-2 & S-24A-S LPILE Parameters from Kleinfelder 

Over-strength Plastic Hinge Capacity, Mp == 81,000 kN-m (59,750 kip-ttl 

Longitudinal Vp == 9940 kN (2235 kip) 

Transverse Vp== 7810 kN (1760 Kip) 

P (axial) incl. footing & soil wt: Bent 2: 14,600 kN (3300 kip) 

Bent 3 & 4: 16,500 kN (3700 kip) 

Summary of Lateral Load Analysis Results: 
Max Ten Max Comp Max De'l. MaxBM Max Stress KH Kt 

(kN) (kN) (mm) (kN-m) (MPa) (KN/m) (kNm/rad) 

Bent 2 

Transverse 1240 1980 19.4 292 236 3.9ES N/A 

Longitudinal 1340 2040 27.0 394 294 3.6E5 N/A 
Bents 3 & 4 

Transverse 

Case 1 1180 2080 4.1 75 120 1.6E6 5.6E7 

Longitudinal 

Case 1 1270 2170 5.5 94 134 1.5E6 5.6E7 

Case2 1270 2170 11.2 159 170 8.2ES S.6E7 

Notes: 

1. The values for soil skin friction and end bearing have been those recommended by Kleinfelder. 

2. For Bent 2, for the soil properties presented, pile capacities calculated by API RP2A, using the 
recommended limits for skin friction and end bearing yielded values too low for the load demands. 

3. For Bents 3 & 4 there is a sand layer. Thus, the capacities will be obtained within 30-meter depth. 
Nevertheless, the values from the Kleinfelder table were used for axial bahavior, for consistency. . H 

4. For Bent 3, an assumption is required for properties to use for the first layer. The proposed finis~~ f,Je""j rlf{~." ~:n 
grades at the bent locations are 2 to 3 meters higher than the elevation for the supplied boring."" A .,,- ._!. -:.1 l' " 
sensitivity analysis was performed for this uncertainty as described below: rr;-o tv'J IS!~<;', 

Case 1 - Sand, Phi==37 degrees to bottom of footing. Other properties.same as supplied. &1,2.& 4· "'ro<:."1\ }-~'t. 

Case 2 - Sand, Phi==30 degrees to bottom of footing. Lower density and Modulus values. 

S. The influence of the top layer properties is readily evidenced from the differences in the results. 

6. The significant differences in the lateral load behavior for bents 2 and 3 are attributed primarily to 
the differences in passive resistances offered by the soil around the footing: 

Clay for Bent 2, Sand for Bent 3. 

~ 



Bridge 24A 

Structural Properties and Soil Profiles 

1. Pile Layout 

2. Pile Structural Properties 

3. Footing Elevations 

4. Soil Parameters - Bent 2 

S. Soil Parameters - Bent 3,4,S 
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Pile Layout . 32 

Number of entne . Zpile 
d· (mm) Yplle Bar lao 

1 -12 -12 

2 -7.2 -12 

3 -2.4 -12 

4 2.4 -12 

5 7.2 -12 

6 12 -12 

7 -12 -7.2 

8 -7.2 -7.2 

9 7.2 -7.2 

10 12 -7.2 

11 -12 -2.4 

12 12 -2.4 

13 -12 2.4 

14 12 2.4 

15 -12 7.2 

16 -7.2 7.2 

17 7.2 7.2 

18 12 7.2 

19 -12 12 

20 -7.2 12 

21 -2.4 12 

22 2.4 12 

23 7.2 12 

24 12 12 

25 7.2 2.4 

26 -7.2 2.4 

27 2.4 7.2 

28 2.4 -7.2 

29 7.2 -2.4 

30 -7.2 -2.4 

31 -2.4 7.2 

32 -2.4 -7.2 
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Williams, David (US) 

From: 
Sent: 
ro: 
Subject: 

Dulor, Stephane 
Tuesday, December 04,2001 10:24 AM 
Williams, David (US) 
FW: B24A markups 

The abutment elevations should still be fine. Eric Leeker calculated them and I just reconfirmed that the elevations 
should still be valid to within 500mm. . 

The bottom of footing elevations have changed slightly. We received a revised final grade topo from Norfolk on 
10/12 which changed the bottom of footing elevations slightly. We calculated the elevations by taking the lowest 
final elevation at each footing and subtracting 1 m for cover and 2.6 m for the footing thickness. 

NEW BOTTOM OF FOOTING ELEVATIONS: 

Final Grade 
Bent 2: 1294.5 
Bent 3: 1298.0 
Bent 4: 1299.5 

Taka Kimura, P.E. 
Parsons BrinckerhoH 
1660 lincoln SI. Suite 2100 
Denver, CO 80264 
PHONE: [303) 390·5861 
FAX: (303) 832·9096 

-----Original Message-----
From: Cooper, Tom 

Cover 
1m 
1m 
1m -

Footing 
2.6m 
2.6m 
2.6m 

Sent: Tuesday, October 16, 200111:55 PM 
To: Nugent, Victoria; Showers, Joseph 1. 
Cc:· Dulor, Stephane 
Subject: RE: B24A markups 

Joe, 

Bottom of footing 
= 1290.9m 
= 1294.4m 
= 129S.9m . 

Please verify that the the mark-ups are correct and that the DATA we are using for footing elevations is correct. 
know we discussed this before, but this information is critical to the design of the columns and foundations. 

Tom 

-----Original Message-----
From: Nugent, Victoria 
Sent: Tuesday, October 16, 2001 12:55 PM 
To: Showers, Joseph 1. 
Cc: Cooper, Tom 
Subject: B24A markups 

Hi Joe, 

I was talking with Tom this morning and I realized that I hadn't marked up the first few 
sheets for 24A to reflect the elevation information that I received from you guys a few 
weeks back. So, I put some comments on the layout sheets and I am sending them to you 
to add to the drawings that I sent the other day. 

« File: Layout.zip » 
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Legacy ParkWay 
Lateral Pile Analysis 
Soil Parameters lor LPILE or GROUP 

Structure 
Support(st 
Water Depth (m) 
Finished Grade Elevation (m) 
Soit Borings Used lor Profile 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

5 

6 

S-24A-2 LPILE Paramelers 

24A 
2 

1.0 
1295.0 
RB-372 

Initials Date 

Depth to 
Depth to 

Top 01 
Bottom Unit Weight 

Soil Type 01 Soil 01 Soil 
Soil Layer 

Layer (kN/m3
) (m) 

(m) 

Soft Clay 0.0 1.0 19.6 

SoftCtay 1.0 5.0 9.7 

Sand 5.0 7.1 10.1 

Soft Clay 7.1 12.2 10.1 

Sand 12.2 18.7 10.1 

Soft Clay 18.7 30.0 11.4 

---------~ ..... ----------.. -

Modulus of Friction 
Shear Strain, Subgrade Angle. 

Maximum Side Friction Maximum Tip Resistance 
Strength (kN/m2) (kN/m') 
(kN/m2) Eso Reaction, k ~ 

(kPa/m) (degrees) 

Top Bottom Top BoUom 

50 0.020 48,665 0 4 0 140 

50 0.020 48,665 - 4 13 140 420 

- - 14,230 34 25 35 5.120 6,980 

28 0.020 15,665 17 29 580 960 

- - 17,780 36 62 93 13,060 19,590 

100 0.D15 123,665 - 58 96 3,990 6,590 

10103/2001 
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Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 24A 
SUDoOrl{Sl .M,5 
Water DeDihTm\ 0.9 
Finished Grade Elevation mf 1295.5 
Soil Borings Used for Profile RB-373: RC-373; RB-367 

Initials 

r Completed By: 

r Checked By: 

Layer Soil Type 

1 Sand 

2 SoflClav 

3 Sand 

4 Sand 

5 SoflClav 

6 Sand 

7 Sand 

B Stiff Clav with Free Water 

9 Sand 

S-24A-5 LPILE Parameters 

Date 

Depth to 
Top of 

Soil Layer 
(m) 

.0.0 .' 

0.9 

4.4 

6.9 

B.8 

11.6 

12.9 

21.0 

22.5 

Depth to 
Bottom Unit Weight Shear 
01 Soil 01 Soil Strength 
Layer (kN/m') (kN/m') 
(m) 

0.9 20.3 -
4.4 9.7 63 

6.9 10.5 -
8.8 9.7 -
11.6 9.8 36 

12.9 10.1 -
21.0 10.9 -
22.5 9.7 89 

30.0 10.9 -

Modulus of Friction 
Strain, Subgrade Angle, 

Maximum Side Friction Maximum Tip Resistance 

(kN/m') (kN/m') 
£50 Reaction, k ~ 

(kPalm) (degrees) 

Too Bottom Too Bottom 

- 37,350 37 . 0 9 0 2,080 

0.020 68,165 - 4 12 150 440 

- 27,010 39 28 43 6.850 10.280 

- 4,290 30 28 34 4,240 5,230 
0.020 27,665 - 22 2B 760 970 

- 8,550 32 49 54 8,510 9,400 

- 32.690 41 82 135 20,630 33,860 
0.020 107,165 - 54 58 2,380 2,530 

- 32,690 41 144 193 36,050 48,300 

10/01/2001 



depth- 0 to 2.5. Sand (API) """"" 
c= 0; gamma= 20 

_depth= 2.5 to 3.1. Sand (API) 
depth= 3 1 to 4.9. Sand (API) 
c= 0; gamma= 19 5 

depth= 4.9 to 63; Sand (API) 
_c= O. gamma= 9.7 

depth= 6.3 to 15.1; Silt 
c= 44. gamma= 10 

depth= 15.1 to 32.5. Sand (API) 
c= 0; gamma= 10.5 
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LEGACY PARKWAY 
BRIDGE 248 SEISMIC DESIGN STRATEGY 

INTRODUCTION 

Seismic Design of the bridges for the Legacy Parkway project is primarily based on AASHTO, 
amended by project specific design criteria, which addresses issues not specifically accounted 
for by the AASHTO code. 

GENERAL STRUCTURE DESCRIPTION 

The structure is 388 m long with six-spans (50, 3 at 73, 74, and 45 meters). Supports are 
typically normal to the alignments, with some minor skews. The substructure consists of seat 
type abutments and single and multi-column bents. The abutments are supported by two rows 
of concrete filled steel pipe (410 mm diameter x 10 mm) piles. The columns are 2.5 meters 
octagonal. Columns are supported on pile footings, using concrete filled steel pipe piles. The 
superstructure consists of built up steel girders made composite with a concrete deck. 
Superstructure girders are typically supported on pot bearings or elastomeric bearings where 
non-integral cap supports are used. 

An important geometric constraint within the structure is at Bent 5, located at the median of 1-
'15. The constraints, require a single column bent, non-skewed, with integral superstructure
bent cap. The overall geometry, number of columns in each bent, column end fixity, and 
superstructure cap connection are refined to achieve optimum balanc~ between seismic and 
service load performances for the structure.' . 

LEVEL OF PERFORMANCE 

This structure is designed as an "Essential Bridge" under the definition provided by AASHTO 
(Division 1-A). The seismic performance of the structure is "Serviceability", following minor 
repairs, which may be required, after the event of "Design Level Earthquake" 

SEISMICITY 

The structure is designed for PGA = 0.6g. AASHTO curves for Type III soil are used to account 
for soil amplification. 

SEISMIC BEHAVIOR 

The seismic design strategy for this structure consists of: 
• Restrained superstructure bearings at non-integral caps, with specified seismic gaps. 
• Strength design of superstructure and bent caps at integral caps to meet column plastic 

demands. 

Over a Century of 
Engineering Excellence 1/2 
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• Longitudinal freedom of movement at abutments, upon connection failure of bearings 
• Transverse restrains of beanngs at abutments, with specified seismic gaps. 

At the abutments, and primarily in the longitudinal direction, the bearings are allowed to be 
fused (fall base connection), to allow the girders slide over the footing Beanngs are assumed 
(conservatively) to slide with 40% coeffiCient of fnctlon. Upon closure of thermal expansion 
JOints at the abutments, additional resistance will be provided by backfill, however, the design 
conservatively Ignores thiS resistance. In the transverse direction, at the abutments, the 
beanngs are allowed to be fused and slide over the pile cap, With restraints at speCific design 
seismiC gap values The objective of the strategy at the abutments is to limit load transfer to 
the substructure piles and prohibit their damage 

EXPECTED DAMAGE UNDER DESIGN EVENT 

Due to the expected fused bearing behaVior at the abutments the majonty of damage will be 
localized to the beanng elements and restraints. Damage to the abutments will be limited to 
backwall failure 

The expected inspection and immediate repair which may be required, following a design level 
earthquake, will be centenng the bridge near It'S original pOSition, and temporary repairs over 
bndge Joints to allow for traffiC While the bridge can be opened to traffic follOWing the 
immediate repair tasks, follow-up repairs can be performed to replace damaged beanngs and 
connections 

T, bl 1 E a e xpecte dS' . Pm elsmlC e ormance 
Abutments • Bearing sliding upon connection failure, and repairable 

damage to back-wall 
• Essentially ela:?tlc pile response 

Beanngs • Fuse at 40% vertical dead load, With shear 
keys/restraints at specifiC seismic gaps Bearings Will 
reqUire repair and/or replacement 

• Fuse feature at abutment, may require bearing 
replacement or repOSitioning 

Columns • Column plastiC action will be limited, reqUiring repair of 

[\ (.) n J 

U f~,' 

Expansion • 
Joints 

flexure cracks 
Moderate damage requiring minor repair to allow 
immediate use of traffic, and follow-up permanent repair 
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LEGACY PARKWAY 
BRIDGE 248 SEISMIC DESIGN STRATEGY 

ADAVANCED RELEASE FOR 

REV 1- -

ABUTMENT 1 PILING-ADVANCED RELEASE FOR CONSTRUCTON 

INTRODUCTION 

Seismic Design of the bridges for the Legacy Parkway project is primarily based on AASHTO, 
amended by project specific design criteria, which addresses issues not specifically accounted 
for by the AASHTO code. 

GENERAL STRUCTURE DESCRIPTION 

The structure is 388 m long with six-spans (50,3 at 73, 74, and 45 meters). Supports are 
typically normal to the alignments, with some minor skews. The substructure consists of seat 
type abutments and single and multi-column bents. The abutments are supported by two rows 
of concrete filled steel pipe (410 mm diameter x 10 mm) piles. The columns are octagonal with 
a long dimension of 1.8 and 2.5 meters. Each column is supported on individual pile footings, 
using concrete filled steel_pipe piles. The superstructure consists of built up steel girders made 
composite with a concrete deck. Superstructure girders are typically supported on pot bearings 
or elastomeric bearings where non-integral cap supports are used. 

An important geometric constraint within the structure is at Bent 5, located at the median of 1-
15. The constraints, require a single column bent, non-skewed, with integral superstructure
bent cap. The overall geometry, number of columns in each bent, column end fixity, and 
superstructure cap connection are refined to achieve optimum balance between seismic and 
service load performances for the structure. 

LEVEL OF PERFORMANCE 

This structure is designed as an "Essential Bridge" under the definition provided by AASHTO 
(Division 1-A). The seismic performance of the structure is "Serviceability", following minor 
repairs, which may be required, after the event of "Design Level Earthquake" 

SEISMICITY 

The structure is designed f~.r PGA = 0.6g. AASHTO curves for Type III soil are used to account 
for soil amplification. 

Over a Century of 
Engineering Excellence 
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SEISMIC BEHAVIOR 

The seismic design strategy for this structure consists of: 
• Restrained superstructure bearings at non-integral caps, with specified seismic gaps. 
• Strength design of superstructure and bent caps at integral caps to meet column plastic 

demands. 
• Longitudinal freedom of movement at abutments, upon connection failure of bearings 
• Transverse restrains of bearings at abutments, with specified seismic gaps. 

At the abutments, and primarily in the longitudinal direction, the bearings are allowed to be 
fused (fail base connection), to allow the girders slide over the footing. Bearings are assumed 
(conservatively) to slide with 40% coefficient of friction. Upon closure of thermal expansion 
joints at the abutments, additional resistance will be provided by backfill; however, the design 
conservatively ignores this resistance. In the transverse direction, at the abutments, the 
bearings are allowed to be fused and slide over the pile cap, with restraints at specific design 
seismic gap values. The objective of the strategy at the abutments is to limit load transfer to 
the substructure piles and prohibit their damage. 

EXPECTED DAMAGE UNDER DESIGN EVENT 

Due to the expected fused bearing behavior at the abutments the majority of damage will be 
localized to the bearing elements and restraints. Damage to the abutments will be limited to 
backwall failure. The entire superstructure is expected to displace on the supporting pile cap 
footing, however adequate seat will be provided .. 

The expected inspection and immediate repair which may be required, following a design level 
earthquake, will be centering the bridge near it's original position, and temporary repairs over 
bridge joints to allow for traffic. While the bridge can be opened to traffic following the 
immediate repair tasks, follow-up repairs can be performed to replace damaged bearings and 
connections. 

Table 1. Expected Seismic Performance 
Abutments 

Bearings 

Expansion 
Joints 

Over a Century of 
Engineering Excellence 

• 

• 
• 

• 

• 

Bearing sliding upon connection failure, and repairable 
damage to back-wall 
Essentially elastic pile response 
Fuse at 40% vertical dead load, with shear 
keys/restraints at specific seismic gaps 
Fuse feature at abutment, may require bearing 
replacement or repositioning 
Moderate damage requiring minor repair to allow 
immediate use of traffic, and follow-up permanent repair 
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Date: 04/2112004 

To: J. Deschamp 

From: K. N. GUnala~ 

Memorandum 

Subject Geotechnical Recorru1~~Iii~~~ 

Cc: Doce, Kleinfelder, Fiffd Noban 

Introduction 

LEGACY 

File Code: GDM-STR-OOSrevl 

Thls memorandum presents our Geotechnical evaluatlOn and recommendatIOns developed In 
accordance wlth UDOT's Geotechnical MOl for Bridge 24B (includes recommendations for 
Abutment 1 dated 12/27/01). Detmled descnptIOns of our understandmg of the project, geology, 
soils encountered etc. wIll be Incorporated into the project Geotechnical report and submitted 
along with other documents as part of final submIttal for the proJect. ThIS mformation wIll be 
maintamed In the project files for reference untIl being incorporated Into the final report. 

General Geotechnical Conditions 

Geotechmcal conditIOns at the site are defined by prevIOUS InVestIgatIOns performed for UDOT 
and based on the InfOrmatIOn obtamed dunng subsequent investIgatIOn undertaken by FAK. The 
profIle at the north interchange can be defined as consistmg of mterbedded soft to stIff sIlts, clay 
and loose to medium dense sand and gravel layers m the upper 10 to 15 meters. Dense to very 
dense SIlty sands, poorly graded sands and poorly graded gravel WIth lenses of stIff silts and clays 
were encountered below 10 to 15 meters. Ground water was encountered at depths rangmg from 
1 0 to 1.5 meters. Based on the site speCific information, we recommend that AASHTO SOlI 
Type III be used for design. 

Liquefaction Potential 

Bndge 24B falls withIn the Farmmgton SIdmg landslIde complex, WhICh conSIsts of lIquefactIOn 
induced landslides. The bndge IS located WithIn the older mapped portion of thiS complex, 
approximately 1 0 km southeast of the mapped contact With the younger portion of the complex. 
These slIdes date back to latest PleIstocene and Holocene tlme. UGS studies indicate that 
susceptibilIty to hquefactlOn Induced land sliding may be less than the earlIer tImes due to lower 
average lake and associated ground water levels. The study also indicated that above average 
precIpitatIOn could create locally perched condItIOns which when subject to strong ground 



Memorandum 

LEGACY 

motions could liquefy and slide. Therefore, a study was undertaken to evaluate the potential for 
liquefaction at Bridge 24B. Infonnation obtained from exploratory borings located near the 
bridge was used in this evaluation. Evaluations indicated layers of silts and sands at approximate 
elevations of 1295 to 1282 m may liquefy under an earthquake of magnitude 7.3 with a peak 
horizontal ground acceleration of 0.6g. 

Liquefaction induced settlement were estimated to range from 17 to 194 mm. A 2 m thick layer 
of silty sand at an approximate elevation of 1293 m in boring SB 23-289 was determined to 
have a potential to liquefy and laterally spread 0.6 m. Based on this isolated potential, no ground 
modification measures are recommended. 

Recommendations 

It is our understanding that 406 mm (16 in.) diameter pipe piles are being proposed for the bridge 
foundation and that the anticipated service load per pile at the abutments is 1557 kN and at the 
bents it ranges from 356 to 787 kN. Recommended pile capacity and Geotechnical parameters 
required for analysis and design are presented in attached table. 



-=-- PARSONS BRINCKERHOFF Page ..................... ~.!.: ... _ ... _ ............ 11 0 D I 
---::00 COMPUTATION SHEET Made by BLC 

YEARS~ 

Date 
.... . . . ....... .,04 . . .... ·•· . ... . .......... .......... • ... •• • • .. ••·• •• . ... . ... .. .. .. .... . 

Subject .. ~.~9.~!?:t. .. ~.~t~~.~.y. .. = .. 9..y.D.~!!.'.l~ .. ~.'.').~.!:t.~l~ .. §~.9.9.~ .. ?.~§..... . .... . .... .. .. . ...... .. .. . . Checked by 
.......................... ~~~~!.~E~.!!.9D .. B~~.f?9..0..~.~ ... ~.f?~.~.~~~.~...... ...... .... ........ .................. .. .... . ....... .. ............ Date ................................ ............................................. .. 

ACCELERATION RESPONSE SPECTRUM: 

A= 0.6 
S = 1.5 (Soil Type III) 

f T Accel. Accel. 

(S·l) (s) (g'S) (Absolute - m/s2) 

100.00 0.01 1.200 11 .772 
2.00 0.50 1.200 11.772 
1.25 0.80 1.200 11 .772 
1.23 0.81 1.200 11.772 
1.22 0.82 1.200 11 .772 
1.20 0.83 1.200 11.772 
1.19 0.84 1.200 11 .772 
1.18 0.85 1.200 11.772 
1.16 0.86 1.194 11.716 
1.15 0.87 1.185 11.626 
1.14 0.88 1.176 11.537 
1.12 0.89 1.167 11.451 
1.11 0.90 1.159 11.366 
1.00 1.00 1.080 10.595 
0.91 1.10 1.014 9.943 
0.83 1.20 0.956 9.382 

'" 0.77 1.30 0.907 8.895 
0.71 1.40 0.863 8.466 
0.67 1.50 0.824 8.085 
0.63 1.60 0.789 7.745 
0.59 1.70 0.758 7.438 
0.56 1.80 0.730 7.160 
0.53 1.90 0.704 6.906 
0.50 2.00 0.680 6.674 
0.48 2.10 0.659 6.461 
0.45 2.20 0.638 6.263 
0.43 2.30 0.620 6.080 
0.42 2.40 0.602 5.910 
0.40 2.50 0.586 5.752 
0.38 2.60 0.571 5.603 
0.37 2.70 0.557 5.464 
0.36 2.80 0.544 5.333 
0.34 2.90 0.531 5.210 
0.33 3.00 0.519 5.093 
0.31 3.25 0.492 4.829 
0.29 3.50 0.468 4.596 
0.27 3.75 0.447 4.389 
0.25 4.00 0.429 4.204 
0.24 4.25 0.412 4.038 
0.22 4.50 0.396 3.887 
0.21 4.75 0.382 3.749 
0.20 5.00 0.369 3.623 
0.19 5 .25 0.358 3.507 
0.18 5.50 0.347 3.400 

1.400 

1.200 
'iii 
~ 1.000 
c 
.2 O.BOO .. 
l! 
III 0.600 
'ii 
g 0.400 
C( 

0.200 

0.000 

(Acc.}m = 1.2*A*SIT m 2/3 

"' 
\ 

I'" ~ 

"" ~ i-- -
a 0.5 1 1.5 2· 2.5 3 3.5 4 -4.5 5 5.5 6 

Period, T (s) 



Legecy Parkway 
Lateral P~e Analysis 
Soil ParameteFII for LPllE or GROUP 

Structure 
Support(s) 
Wamr Depth (m) 
Boring ElevaI10n (m) 

I Completed By: 

I Cher;kedBy. 

Layer 

1 

2 

3 

4 

5 

6 

7 

I 

S-24B-3 LPILE ParamlJters 

24B 
3 

2.3 
1297.11 

Initials 

80UType 

Sand 

Sand 

Soft Clay 

811t 

Sand 

Soft Clay 

Sand 

Sand 

~ate 

Oeplhto Oeplhto Unit Weight Shear 
Top of Bottom 0 of Sol Strength 

Soil Layer So~ Layer 
(kNIm3

) (kNlm2
) (m) (m) 

0.0 1.3 11.5 -
2.3 3.0 10.1 -
3.0 5.0 10.& 311 

5.0 7.0 10.0 40 

7.0 11.0 10.5 -
11.0 12.0 10.2 10 

12.0 13.5 11.7 -
13.5 11.0 10.9 -

Modulus of Frlc:IIon 
Maximum Side Friction Mlildmum IIp Reaiatance 

SIrain, SUbgri1d. Angle, 
(IcNIm') (kN/m2

) 
teo Reac;tion, k + 

(kPalm) (delTeel) 

TOil Bottom TOil Bottom 

- 100 30 0 15 0 2200 

- 18380 35 20 23 4250 4920 

0.020 32165 - 11 15 320 450 

0.020 33665 29 20 28 1630 2010 

- 25510 311 50 61 11720 14380 

0.020 3500 - 23 211 460 SIO 

- 2160 30 49 14 8760 7440 

- 328eO 47 9S 10S 23860 28310 

1/18102 

~. 
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PARSONSSmNCKERHOFF 
COMPUTATION SHEET 

Subject , __________ .!-!~!..CY!_~1_-_ ~djI~ .?-~~ ______________ , ________ _ 
___________ ~_RO':!~~!~!I!~ ~~t 3 __ , _________________ _ 

~ 
Assumptions for GROUP Analysis 

Pile structure Capacity 
Maximum Total Pile streli& =<-( __ 6""'6'-_ ...... lksl = 4.48E+06 IkN I m2 

Passive Soli Resistance @ Pile Cap, 
Soli Passive Pressure = (L-_..:.2:..;0=--_ ...... 1 lest 

Depth onop of Pile from Ground Surface = 1 ..... _....;3;..;2=----,1 m 

Page 

Made by BLe 

Date 11/21/01 

Checl<ed by ____ , ___ _ 

Date 

Increase pile length and lowest depth of Input soli properties to assure pile Is adequate In compression and tension 

Soli Profile Used 

Layer Soli Type Measured From Ground Surface Measured From TOil of Pile UnltWelghl Shear Strain 
Depth to Depth to Depth to Depth to or Soli strength £SO 
Top of Bottom of Topor BoUom or c 

Soli Layer Soli Layer Soli Layer Soli Layer 
Lmt 1m) 1m} (m) JkN/m3

) (kNlm') 

2 sand 00 30 -32 00 101 - -
3 soft clav 30 50 00 18 106 39 002 
4 silt 50 70 18 38 100 40 002 
5 sand 70 90 38 58 105 - -
6 soft clay 90 120 58 88 102 10 002 
7 sand 120 135 88 103 97 - -
8 sand 13.5 1200 103 120.0 109 - -

footing design GROUP bent 3 1 of 1 

ModUlUS ot Friction Maldmum Side Friction Maldmum n~ Resistance 
Subgrade Angle tap bottom tap bottom 

ReacUon, K + 
(kNIm3

) (degrees) (kNlm') (kN/m') (kNlm') (kN/m') 

16360 35 20 23 4250 4920 
32165 - 11 15 320 450 
33665 29 20 26 1630 2080 
25590 39 50 61 11720 14360 
3500 - 23 29 460 580 
2160 30 49 54 6760 7440 
32690 47 95 105 23860 26310 

111810212.18 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Made by _B_LC _____ _ 

Subject Legacy Parkway, Bridge 24b. Bent 3 
Passive ResIstance of Soil @ Bent Footmgs 

kPa = 1000Pa MPa:= 1000 kPa 

INPUT 

SOIL PROPERTIES 

Dsoil:= 06·m Depth of SOil Cover 

SOil Passive Pressure: 

Date· 117102 
Checked by: 
Date 

kips = Ibf·1000 kN := 1000 newton 

kips 
Pp:= 2.0-

ft2 Soil Type 1,2· P p = 4.8 ksf (above water table), P p = 40 ksf (below water table) 

SOil Type 3, 4: P p = 2 4 ksf (above water table), P p = 20 ksf (below water table) 

FOOTING GEOMETRY I DETAILS 

Dftg:= 2.6 m Footing Depth 

Wftg:= 9.76·m Footrng Width 

D~lf ~ A~ 

I I I~ V ,mabIe ReSistance, :::;; 2.4 m 
Dftg 

R1 
""\ ,. 
... ~ 

A~ 

"" Footing Elevation C :mstant ReSistance, > 24m 

Pp " 

-r-

Footing Plan 

Passive Reslstance_3 mcd 1 of 2 1/22/02434 PM 



PARSONS BRINCKERHOFF 
COMPUTA TION SHEET 

Subject· Legacy Parkway, Bridge 24b Bent 3 
PassIve ResIstance of SOIl @ Bent Footmgs 

CALCULATIONS 

Soli Rest/stance 

kN 
Pp= 95.761 2 

m 

Variable ResIstance, for Depth ~ 24m 

Dsoil 
Pp top:= -_.pp 

- 2.4·m 

kN 
Pp_top = 23.940 2 

m 

. ( Dsoil + Dftg ) 
Pp_bot.= If Dsoil + Dftg ~ 2.4·m, pp . ,Pp 

- 2.4·m 

Constant Resistance, for Depth> 2.4 m 

Total SOIl ResIstance 

Passive Reslstance_3 mcd 20f2 

Made by- ::=B-=L.=.C _____ _ 
Date: 11/21101 
Checked by. 
Date 

kN 
Pp bot = 95.761-

- 2 
m 

R2 = 747.698 kN 

1/22/024 34 PM 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject ..... _ ....... _ ......................... _~~J~~y..~.~:.~~~:!.:_~.~~.~=.~~~ .... __ .................................... . 
.. _ ................................. _ ... ~.~~~.~.~~.~.~y.~~~! .. ~=~~.~.-.. -.............. --.......................... -

GROUp Analysis. Longitudinal 
Determine Demand @ Top of Piles 

footing depth = 1<::: . ::'8.53: ... :: :::::::::::::d 

note:. 
Bottom of Column Demands are due to Column Plastic Hinging. 

GROUp Analysis. Transverse 
Determine Demand @ Top of Piles 

footing depth = I' , ";8.53 .. ::.:: ". ::::::",·1 

note:. 
Bottom of Column Demands are due to Column Plastic Hinging. 

footing design demands at lop of piles 3 

ft 2.60 m 

ft 2.60 m 

1 of 1 

Page 

Made by BLC ........................................ 
Date 1/2102 

Checked by 

Date 

"""":-- l..D N<:;" I\"-.) 1:). N /-) L

Co N 1M t..- "> 

1/7/027:14 PM 
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PILE GROUP ANALYSIS PROGRAM-GROUP 
PC VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 2000 

THE PROGRAM WAS COMPILED USING MICROSOFT FORTRAN 
POWERSTATION 4.0 (C) COPYRIGHT MICROSOFT CORPORATION, 1996. 

Br~dge 24B Bent 3 

***** INPUT INFORMATION ***** 

* TABLE C * LOAD AND CONTROL PARAMETERS 

UNITS--OOOO 

V LOAD, KN H LOAD, KN MOMENT, KN- M 

.1987E+05 -.1449E+05 .1375E+06 

* THE LOADING IS STATIC * 

KPYOP = 0 (CODE TO GENERATE P-Y CURVES) 

\66Z...)Dq£ 

~~-r -Z 
~ \'ts:) \.J ? 

~l-c.... 

( KPYOP = 1 IF P-Y YES; = 0 IF P-Y NO; = -1 IF P-Y ONLY ) 

* CONTROL PARAMETERS * 
TOLERANCE ON CONVERGENCE OF FOUNDATION REACTION 
TOLERANCE ON DETERMINATION OF DEFLECTIONS 
MAX NO OF ITERATIONS ALLOWED FOR FOUNDATION ANALYSIS 
MAXIMUM NO. OF ITERATIONS ALLOWED FOR PILE ANALYSIS 

* TABLE D * ARRANGEMENT OF PILE GROUPS 

GROUP CONNECT NO OF PILE PILE NO L-S CURVE P-Y CURVE 
1 PIN 8 1 1 0 
2 PIN 2 1 1 0 
3 PIN 2 1 1 0 
4 PIN 2 1 1 0 
5 PIN 2 1 1 0 
6 PIN 2 1 1 0 
7 PIN 2 1 1 0 
8 PIN 2 1 1 0 
9 PIN 2 1 1 0 

10 PIN 2 1 1 0 
11 PIN 2 1 1 0 
12 PIN 2 1 1 0 
13 PIN 2 1 1 0 
14 PIN 2 1 1 0 
15 PIN 2 1 1 0 
16 PIN 2 1 1 0 
17 PIN 2 1 1 0 
18 PIN B 1 1 0 

GROUP VERT, M HOR, M SLOPE, M/ M GROUND, M 
1 .OOOOE+OO -.4270E+01 .OOOOE+OO - 3200E+01 
2 .OOOOE+OO -.3050E+01 .OOOOE+OO -.3200E+01 
3 .OOOOE+OO -.3050E+01 .OOOOE+OO -.3200E+01 
4 .OOOOE+OO - 3050E+01 .OOOOE+OO -.3200E+01 

I \Legacy\Selsnuc Analysls\Bndge 24B\colurnn footmg\Group\bent3 gpo 1 of 39 

.254E-06 M 

.254E-06 M 
100 
100 

SPRING, KN- M 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 
.OOOOE+OO 

1122/02 4 38 PM 
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THE GLOBAL STRUCTURE COORDINATE SYSTEM 

XDISPL, M YDISPL, M SLOPE AXIAL, KN LAT, KN BM, KN- M STRESS, KN/ M**2 

-.401E-02 -.33BE-01 -.lS9E-01 -.10B3E+04 -.4423E+03 .OOOE+OO .401E+OS 

THE LOCAL MEMBER COORDINATE SYSTEM 

XDISPL, M YDISPL, M SLOPE AXIAL, KN LAT, KN BM, KN- M STRESS, KN/ M**2 

-.401E-02 -.33BE-01 -.lS9E-01 -.10BE+04 -.442E+03 .OOOE+OO .401E+OS 

LATERALLY LOADED PILE 

X DEFLECTION 

M M 

***** 
.00 

1. 00 
2.00 
3.00 
4.00 
S.OO 
6.00 
7.00 
B.OO 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
lS.00 
16.00 
17.00 
1B.00 
19.00 
20.00 
21. 00 
22.00 
23.00 
24.00 
2S.00 
26.00 
27.00 
2B.00 
29.00 
30.00 
31. 00 
32.00 
33.00 
34.00 
35.00 
36.00 
37.00 
3B.00 
39.00 
40.00 
41. 00 

*******"!c** 
-.33BE-01 
-.179E-OI 
-.S74E-02 
-.222E-03 

.97SE-03 

. nOE-03 

.42IE-03 

.IBIE-03 

.370E-04 
-.193E-04 
-.244E-04 
-.99IE-OS 
-.149E-OS 

.SB9E-06 

.43BE-06 

.114E-06 
-.2SIE-OB 
-.127E-07 
-.434E-OB 
-.307E-09 

.2B9E-09 

. 119E-09 

.12BE-IO 
-.S73E-11 
-.264E-ll 
-.312E-12 

.107E-12 

.499E-13 

.S36E-14 
-.IB9E-14 
-.774E-IS 
-.63IE-16 

.313E-16 

.104E-16 

.460E-IB 
-.469E-IB 
- .1l9E-IB 

.72BE-21 

.614E-20 

.1l2E-20 
-.BB4E-22 
-.69IE-22 

MOMENT SHEAR 

KN- M KN 
********** ********** 

.OOOE+OO \-.442E+03 
-.277E+03 .295E+0 
-.493E+03 -.229E+03 
-.322E+03 .166E+03 
-.IOBE+03 
-.326E+OI 

.432E+OI 

.71BE+OI 

.6S2E+Ol 

.3B1E+OI 

.146E+OI 
-.451E+00 
-.47IE+00 
-.166E+00 
-.129E-Ol 

.lS4E-Ol 

.792E-02 

.13BE-02 
-.323E-03 
-.2S6E-03 
-.569E-04 

.4nE-OS 

.653E-OS 

.161E-OS 
-.55BE-07 
-.142E-06 
-.3S3E-07 

.912E-09 

.277E-OB 

.622E-09 
-.299E-10 
-.459E-IO 
-. B5BE-ll 

. B17E-12 

.670E-12 

.9S1E-13 
-.17IE-13 
-.850E-14 
-.776E-IS 

.2B3E-IS 

.917E-16 

.310E-17 

.213E+03 

.105E+03 

.79IE+OI 

.311E+OI 
-.S05E+OO 
-.265E+OI 
-.23SE+01 
-.192E+OI 
-.29IE-01 

.303E+00 

.IS3E+OO 

.2B7E-01 
-.739E-02 
-.6S2E-02 
-.I71E-02 

.629E-04 

.19BE-03 

.61BE-04 

.193E-05 
-.490E-05 
-.167E-05 
-.B9IE-07 

.107E-06 

.363E-07 

.19IE-OB 
-.214E-OB 
-.653E-09 
-.167E-IO 

.372E-IO 

.942E-ll 
-.136E-12 
-.574E-12 
-.1l3E-12 

.B4BE-14 

.772E-14 

.106E-14 
-.190E-15 
-.8B6E-16 

SOIL 
REACTION 

KN/ M 
********** 
-.296E+03 
-.652E+02 
-.395E+03 
-.469E+02 

.IOBE+03 

.97IE+02 

.479E+OI 

.362E+OI 

.214E+Ol 
-.296E+OO 
-.425E+OO 
-.IB9E+OI 
-.332E+00 

.149E+OO 

.125E+00 

.360E-Ol 
-.B7IE-03 
-.48IE-02 
-.17BE-02 
-.13SE-03 

.136E-03 

.599E-04 

.6B3E-05 
-.324E-05 
-.ISBE-05 
-.196E-06 

.703E-07 

.344E-07 

.405E-OB 
-.149E-OB 
-.636E-09 
-.539E-IO 

.27BE-IO 

.956E-ll 

.43BE-12 
-.462E-12 
-.12IE-12 

.764E-15 

. 665E-14 

.125E-14 
-.IOlE-15 
-.B16E-16 

1:\Legacy\Seismic Ana\ysis\Bridge 24B\column footing\Group\bent3.gpo 38 of 39 

TOTAL FLEXURAL 
STRESS RIGIDITY 

KN/ M**2 KN- M**2 
********** 

.401E+05 

.192E+06 

.310E+06 

.216E+06 

.991E+05 

.419E+05 

.425E+05 

.440E+05 

.437E+05 

.422E+05 

.409E+05 

.404E+05 

.404E+05 

.402E+05 

.401E+05 

.401E+05 

.401E+05 

.40IE+05 

.401E+OS 

.40IE+05 

.401E+05 

.401E+05 

.401E+05 

.401E+05 

.401E+05 

.401E+05 

.401E+05 

.40IE+05 

.401E+05 

.401E+05 

.401E+05 

.40IE+05 

.401E+05 

.40IE+05 

.401E+05 

.401E+05 

.40IE+05 

.40IE+05 

.401E+05 

.40IE+05 

.40IE+05 

.40IE+05 

********** 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+OS 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

.744E+05 

1122/02 4:38 PM 

c.' ". ;". 

~ ~) --



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
SUDDDrt 51 
Water Depth (m) 
Existina Ground Elevation (m) 

I Completed By: 

r Checked By: 

Layer 

1 

2 

3 

4 

5 

6 

S-24B-1.2 LPILE Parameters 

248 
1.2 
1.5 

1295.2 

Initials Date 

Depth to 

Soil Type Top of 
Soil Layer 

(m) 

" Slit 0.0 

Slit 1.5 

Sand 5.0 

Stiff Clav with Free Water 8.5 

Sand 10.0 

Sand 12.0 

Depth to 
Bottom Unit Weight Shear 
01 Soil 01 Soil Strength 
Layer (kNlm3

) (kNlm2
) 

(m) 

1.5 19.6 63 

5.0 9.6 43 

8.5 9.7 · 
10.0 9.7 63 

12.0 10.1 · 
15.0 10.9 · 

Modulus 01 Friction 
Maximum Side Friction Maximum Tip Resistance Strain, Subgrade Angle. 

(kN/m2) (kN/m2) Reaction. k • £so 
(kPalm) (degrees) 

Too Boltom Too Boltom 

0.020 68.165 30 0 8 0 700 

0.010 38.165 29 8 17 650 1400 

· 2,870 30 21 33 3090 4760 

0.020 68,165 . 22 25 810 930 

· 7,840 32 43 51 7350 8680 

· 32,690 43 78 98 19740 24640 

1/2/02 (\.!) 



legacy Par1<way 
lateral Pile Analysis 
Soil Parameters for LPllE or GROUP 

Structure 
SUDDort(S) 
Water Oeoth 1m) 
Borin!! Elevation (m) 

r Completed By: 

r Checked By: 

Layer 

1 

2 

3 

4 

5 

6 

7 

8 

8-24B-3 LPILE Parameters 

24B 
3 

2.3 
1297.8 

Initials Date 

Depth to 
Topol 

Soil Type 
Soil Layer 

(m) 

Sand 0.0 

Sand 2.3 

Soft Clay 3.0 

Slit 5.0 

Sand 7.0 

50ft Clay 9.0 

Sand 12.0 

Sand 13.5 

Depth to 
Bottom Unit Weight Shear 
01 Soil 01 Soil Strength 
Layer (kN/m') (kN/m2) 

(m) 

~ 

2.3 19.5 -
3.0 10.1 -
5.0 10.6 39 

7.0 10.0 40 

9.0 10.5 -
12.0 10.2 10 

13.5 9.7 -
15.0 10.9 -

Modulus 01 Friction 
Strain, Subgrade Angle, 

tso Reaclion,k , 
(kPaJm) (degrees) 

- 900 30 

- 16,360 35 

0.020 32,165 -
0.020 33,665 29 

- 25,590 39 

0.020 3,500 -
- 2,160 30 

- 32,690 47 

Maximum Side Friction 
(kN/m2) 

Too Bottom 

0 15 

20 23 

11 15 

20 26 

50 61 

23 29 

49 54 

95 105 

Maximum Tip Resistance 
(kN/m2) 

TaD 

0 

4250 

320 

1630 

11720 

460 

6760 

23860 

Bottom 

2200 

4920 

450 

2080 

14360 

580 

7440 

26310 

C' '.' 
~ 

c,:.,.:; 
1I2f02 



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 24B 
SUDPort(sl 4 
Water Depth (m) 1.5 
Borill9. Elevation (m) 1296.1 

Initials 

I Completed By: 

I Checked By: 

Layer Soil Type 

1 Silt 

2 Soft Clay 

3 Stiff Clay with Free Water 

4 Sand 

5 Sand 

5-249-4 LPILE Parameters 

Date 

Depth to 
Depth to 

Top of 
Bottom Unit Weight 

50ilLaye 
of Soil of Soil 
Layer (kN/m') (m) 

(m) 

\1 

0.0 1.5 19.8 

1.5 9.0 8.2 

9.0 11.0 9.7 

11.0 12.0 10.1 

12.0 15.0 10.5 

Modulus of Friction 
Shear 

Strain, Subgrade Angle, 
Maximum Side Friction Maximum Tip Resistance 

Strength 
Reaction, k (kNfm2) (kN/m2) 

(kN/m2) "so • (kPa/m) (de9rees) 

Top Bottom TOD Bottom 

31 0.020 18,665 29 0 8 0 650 

11 0.020 3,500 - 6 19 130 420 

54 0.010 54,665 - 20 25 710 860 

- - 5,000 31 40 44 6230 6800 

- - 21,330 37 60 76 13450 16960 
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Legacy Parkway 
Lateral Pile Analysis 
Soli Parameters for LPILE or GROUP 

Structure 
Support(s) 
Water Depth(m) 
Boring Elevation (m) 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

5 

5-24B-5 LPILE Parameters 

24B 
5 
1.5 

1297.6 

Initials 

Soil Type 

Sand 

Soft Clay 

Sand 

Soft Clay 

Sand 

Data 

Depth to 
Depth to 

Top of 
Bottom Unit Weight 

Soil Layer 
of Soil of Soil 
Layer (kN/m') (m) 

(m) 

" 
0.0 1.5 20.7 

1.5 4.2 10.1 

4.2 5.5 10.1 

5.5 11.5 9.8 

11.5 15.0 10.1 

Modulus of Friction 
Shear 

Strain, Subgrade Angle, 
Maximum Side Friction Maximum Tip Resistance 

Strength 
Reaction, k + (kN/m2) (kN/m2

) 

(kN/m2) ESO 

(kPa/m) (degrees) 

Top Bottom TOjl Bottom 

- - 57,600 42 0 18 0 4650 

11 0.020 3,500 - 6 12 120 230 

- - 9,970 33 23 29 4260 5220 

39 0.020 32,165 - 15 28 480 880 

- - 12,100 33 55 70 10460 13300 

1/2/02 



Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
Support(s) 
Water Depth (m) 
Boring Elevation (m) 

I Completed By: 

I Checked By: 

Layer 

1 

2 

3 

4 

S 

6 

5-248-6 LPILE Parameters 

24B 
6 

1.5 
1297.2 

Initials Date 

Depth to 
Top of 

Soil Type 
Soil Laye 

(m) 

Slit 0.0 

Soft Clay 1.5 

Sand 6.5 

Soft Clay 8.0 

Sand 11.0 

Sand 13.0 

Depth to 
Bottom Unit Weight Shear 
of Soil of Soil Strength 
Layer (kN/m3

) (kN/m2) 
(m) 

\;: 

1.5 19.8 31 

6.5 9.8 39 

8.0 10.1 -
11.0 10.0 31 

13.0 10.1 -
15.0 10.9 -

Modulus of Friction 
Strain, Subgrade Angle, 

Maximum Side Friction Maximum Tip Resistance 
(kNlm2) (kN/m2) 

~50 Reaction, k • (kPalm) (degrees) 

TOll Bottom TQll Bottom 

0.020 18,665 29 0 8 0 650 

0.020 32,165 - 6 16 150 400 

- 9,970 33 32 38 5750 6860 

0.020 18,665 - 20 26 530 700 
" 

- 5000 31 45 52 6970 8110 

- 32,690 41 86 99 21580 24840 

1/2/02 
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INTRODUCTION 

LEGACY PARKWAY 
BRIDGE 25 SEISMIC DESIGN STRATEGY 

REV 1 

Seismic Design of the bridges for the Legacy Parkway project is primarily based on AASHTO 
and amended by project specific design criteria, which, addresses issues not specifically 
accounted for by the AASHTO code. 

GENERAL STRUCTURE DESCRIPTION 

The structure is 374 m long with six-spans (43.0 m, 64.5 m, 64.5 m, 62.0 m, 72.0 m, 64.5 m). 
The substructure consists of short seat type abutments and single column bents with non
integral caps. The abutments are supported by two rows of concrete filled steel pipe piles 
(typical: 406 mm diameter x 10 mm). Columns range in height from 7.5 m to 9.5 m. The 
columns are octagonal with a diameter of 2.5 m. Each column is supported on individual pile 
group foundation, with typical concrete filled steel pipe piles. The superstructure consists of 4 
built up steel girders made composite with a concrete deck. Superstructure girders are 
supported on pot bearings, which are welded to the base plate, on top of the bent caps. At the 
abutments, the elastomeric bearings are allowed to be fused to slide over the seat, and interact 
with back-fill soil. 

LEVEL OF PERFORMANCE 

This structure is designed as an "Essential Bridge" under the definition provided by AASHTO 
(Division i-A). The seismic performance of the structure is "Serviceability", following minor 
repairs, which may be required, after the event of "Design Level Earthquake" 

SEISMICITY 

The structure is designed for PGA = 0.6g. AASHTO curves for Type III soil are used to account 
for soil amplification. 

SEISMIC BEHAVIOR 

Seismic design strategy for this structure consists of: 
• Lateral load transfer to piers, via bearings and shear keys 
• Mobilization of backfill soil behind the abutments. 
• Limited plastic hinging in columns 

The strategy includes strength design of bearing connections to resist service loads such as 
wind, and braking forces, as well as, the design level earthquake. The bearing connections are 
designed to transfer forces to the substructure. The columns were designed using a reduction 
factor (R) of 3, as permitted by AASHTO for single columns designed for Category D. This 

Over a Century of 
Engineering Excellence 1/2 
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REV 1 

design approach results in an estimated maximum top of column deflection of approximately 
105 mm. 
At the abutments, and primarily in the longitudinal direction, the backfill soil provides additional 
resistance strength to limit the extent of superstructure movement. Backfill contributions has 
been limited to 7.7 KSF passive resistance. 

EXPECTED DAMAGE UNDER DESIGN EVENT 

Damage to the abutments will be limited to backwall failure. The superstructure is expected to 
displace longitudinally on the abutment seats. The abutment seats are sized to accommodate 
the estimated seismic displacements. 
The expected inspection and immediate repair which may be required, following a design level 
earthquake, will be centering the bridge near it's original position, and temporary repairs over 
bridge joints to allow for traffic. While the bridge can be opened to traffic following the 
immediate repair tasks, follow-up repairs may be necessary to replace damaged bearings. 
Refer to table below for expected seismic performance of various bridge components. . 

Table 1. Expected Seismic Performance 
Abutments 

Bearings 

Columns 
Foundations 
Joints 

Over a Century of 
Engineering Excellence 

• 
• 
• 
• 

• 
• 
• 

Damage to backwall possible 
Maximum longitudinal displacement - 60 mm 
Essentially_ elastic pile response 
Fuse feature at abutment, may require bearing 
replacement or repositioning 
R = 3, cracking and spalling. Repair by epoxy injection. 
Piles remain essentially elastic 
Moderate damage requiring minor repair such as epoxy 
injection of cracks 

2/2 
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Legacy Parkway 
Lateral Pile Analysis 
Soil Parameters for LPILE or GROUP 

Structure 
S~ortlsl 
Water Depth (m) 
Boring Elevation (m) 

I Completed By: 

I Checked By: 

Layer 

1 
2 
3 
4 
5 
6 

25 
1.2 
1.5 

1295.5 

Initials Date 

Deplhto Depth to 
Modulus of Friction 

Bottom Unit Weight Shear 
Soil Type 

Top of 
of Soil of Soil Strength Strain. Subgrade Angle, 

Soli Layer 
Layer (kNlm3

) (kN/m2) 
£50 Reaction, k ~ 

(m) 
(m) 

(kPalm) (degrees) 

Sand 0.0 1.0 20.3 - - 54.900 41 
Soft Clay 1.0 1.5 19.8 31 0.027 18.665 -
Soft Clay 1.5 3.6 10.0 31 0.027 18.665 -

Sand 3.6 6.2 10.1 - - 8,550 32 
Soft Clay 6.2 11.5 9.8 36 0.030 27.665 -

Sand 11.5 15.0 10.5 - - 25.590 39 

press the ·Copy" button to copy this tab to a new spreadsheet. The new file should be saved in the same directory with the name 
·S-XX-Y,Y,Y LPILE Parameters· (XX Is the structure number and Y is the support numbers for which this file applies. Complete 
renaming of the spreadsheet immediately after it is copied by adding the structure and support numbers. ' 

Maximum Side Friction Maximum Tip Resistance 
(kNlm2) (kNlm') 

Top Bottom Top Bottom 

0 11 0 2940 
4 6 110 170 
6 10 170 290 
20 30 3490 5290 
17 28 560 940 
69 89 16280 20910 
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Memorandum 

Date: 11101/2001 File Code: GDM-STR-006 Rev 2. 

To: Joe Showers 

From: K. N. Gunalan .6"-\G1VV"A .. C\-f~. 
Curt Christensen 

Subject Geotechnical Recommendations for Bridge 25 

Cc: DocC, Kleinfelder, Tom Cooper 

Introduction 

This memorandum presents our Geotechnical evaluation and recommendations devel()ped in 
accordance with UDOT's Geotechnical MOr for Bridge 25. Included herein is our evaluation of 
liquefaction and lateral spread concerns at the bridge location. Detailed descriptions of our 
understanding of the project, geology, soils encountered etc. will be incorporated into the project 
Geotechnical report and submitted along with other documents as part of final submittal for the 
project. This information will be maintained in the project files for reference until being 
incorporated into the final report. 

General Geotechnical Conditions 

Geotechnical conditions at the site are defined by previous investigations performed for UDOT. 
Based on the information obtained during those investigations and a subsequent investigation 
undertaken by FAK, the profile at the north interchange can be defined as consisting of 
interbedded medium stiff to stiff silts, clay and loose to medium dense sand and gravel layers in 
the upper 10 to 15 meters. Dense to very dense silty sands, poorly graded sands and poorly 
graded gravel with lenses of silts and clays were encountered below 10 to 15 meters. Ground 
water was encountered at depths ranging from 1.0 to 1.5 meters. 

Liquefaction Potential 

Bridge 25 falls within the Farmington Siding landslide complex, which consists of liquefaction 
induced landslides. The bridge site is located within the older mapped portion of this complex, 
approximately 0.5 k~ southeast of the mapped contact with the younger portion of the complex. 
These slides date back to latest Pleistocene and Holocene time. UGS studies indicate that 
susceptibility to liquefaction induced land sliding may be less than the earlier times due to lower 
average lake and associated ground water levels. The study also indicated that above average 
precipitation could create locally perched conditions which when subject to strong ground 
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motions could liquefy and slide. Therefore, a study was undertaken to evaluate the potential for · 
liquefaction and lateral spread at Bridge 25. Infonnation obtained from a total of nine 
exploratory borings and four CPT soundings located at or near the bridge site were used in this 
evaluation. Evaluations indicated layers of silts and sands may liquefy under an earthquake of 
magnitude 7.3 with a peak horizontal ground acceleration of 0.6g. 

Additionally, soil profiles from the borings at the bridge site were reviewed for liquefaction 
induced lateral spread potential. Based on the analysis, liquefaction induced settleme'nt was 
detennined to range from 73 mm in boring SB-27-345 to 210 mm in boring SB-27-340. The 
potential for lateral spread was estimated to be negligible in one of the borings with up to 2.8 m in 
boring SB-27-340. The lateral spread magnitude evaluated in boring SB-27-340 was based on 
field and laboratory data from Phase I investigations. It is our opinion that further testing would 
indicate that the layer contributing to the lateral spread is actually made up of thinner layers and 
therefore the magnitude would be much smaller. 

In general, the layers indicating lateral spread potential along the alignment of this structure are 
less than 1 m in thickness. The database used for the development of the empirical lateral spread 
equations presently includes limited data for layers less than 1 meter in thickness. For these 
thinner layers small displacements were observed. Since the database contains only a few points 
with layers less than 1 m in thickness and observed displacements were small, the estimated 
displacement for the layers described above is probably greater than the actual displacement 
potential and the accuracy of these estimates is questionable. In addition, thinner layers should 
only be considered a candidate for lateral spread if they appear to be continuous. It is our opinion 
that such a continuous layer does not appear to be present along the alignment of this structure. 

Recommendations 

It is our understanding that 406 mm (16 in.) diameter pipe piles are being proposed for the bridge 
foundations and that the anticipated service load per pile at the abutments 1 and 7 range from 
1420 kN to 1676 kN. Service load per pile at the bents 2 through 6 range from 565 kN to 968 kN. 
Seismic uplift resistance required at bent 2 through 6 range from 1870 kl"'l" to 2135 kN. 

Recommended pile capacities and Geotechnical parameters required for analysis and design are 
presented in attached table . 

A20. 



Cooper, Tom 

From: Showers, Joseph I. 
Sent: 

!): \c: 
Tuesday, September 04, 2001 1 :20 PM 
'nmiller@kleinfelder.com'; Kimura, Takahiko; Cooper, Tom; Nobari, Farid 
Gunalan, K. N.; Deschamps, J.D. 

Subject: RE: BR-25 . 

Botom of bent fgating el~vatians for Bridge 25 are as follows: 

Bent 2 - 1292.0 
Bent 3 - 1292.0 
Bent 4 - 1293.0 
Bent 5 - 1294.4 
Bent 6 - 1294.4 

We are stil working on the abutment footing elevations. 

-----Original Message-----
From: Nigel Miller [mailto:nmiller@kleinfelder.com] 
Sent: TuesdaYi September 04, 2001 3:18 PM 
To: 'kimura@pbworld.com'; 'cooper@pbworld.com'; 'nobari@pbworld.com' 
Cc: . , gunalan@pbworld. com'; 'cchristensen@kleinfelder. com' ; 
'showers@pbworld.com' . 
Subject: BR-25 

We are looking for loads and elevations (bottom of pile cap for bents and 
~britments, lowest deck. elevation for abutments) for Bridge 25. Please let 
us know when we can expect this information . 

• J\ligel Miller 
:leaff Geotechnical Engineer 

Kleinfelder, Inc. 
2677 East Parley's Way 
Salt Lake City, UT 84109 

PHONE 
FAX 

1.801.466.6769 
1. 801. 466.6788 

1 



Cooper, Tom 

From: 
'Sent: 
ro: 
Cc: 
Subject: 

Frank, 

Williams, David (US) 
Wednesday, August 15, 2001 3:35 PM 
Wang, Fuxin 
Cooper, Tom 
Legacy, Bridge 22 - Foundation Analyses 

Summary of results for Bents 5 and 6. 

100 

As before for Bents 2 and 3, the results for the unimproved soil are acceptable for all configurations and thus we did not 
investigate soil improvement for these foundations. Again note the high axial capacity requirements (required to resist the 
high overturning moment). This may determine the requirement for number of piles, and soil improvement will have 
negligible effect on the axial load condition. Again, I believe the pile length will be based on axial tension capacity for 
seismic-induced plastic moment. Assuming this can be met (and I think this will be a challenge), then the 24-pile 
arrangement is satisfactory for the 28' square footings and the 36-pile arrangement is satisactory for the 18' x 36' footing at 
Bent 5. 

The pile head displacement (mm) 
The maxfili5ment in pile (kN-m) 
The max stress in pile (MPa) 

Max pile axial loads (kN) 

Any questions, please let me know. 

32-pile 
50 
H30 
170 

+1900 

(Natural Soil Profiles) 
Bent 6 Bent 5 (36-pile) 

24-pile Trans Long 
70 20 10 
240 180 190 
220 200 170 

-1350 -1500 -1800 
+2200 +2550 +1700 

Regarding GROUP output, we have several runs for most bents. Do you want output for all cases? 

David 

-----Original Message---
From: Wang, Fuxin 
Sent: Wednesday, August 15, 2001 2:08 PM 
To: Williams, David (US) 
Subject: group 

David, could you email me the output file for the 24 and 32 pile 
group analysis you did for bridge 22 

Pran/t 

Fuxin Wang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 3517 

---------

1 
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Ramirez, Carlos 

From: Wang, Fuxin 
Sent: 

r 
,abject: 

Thursday, September 06, 2001 9:23 AM 
Ramirez, Carlos 
FW: Legacy, Bridge 22, Foundation Springs 

carlos, here are springs David offered for bridge 22. 

Pran{ 

Fuxin Wang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 3517 

-----Orlginal Message---
From: Williams, David (US) 
Sent: Wednesday, August OB,. 2001 6:14 PM 
'(~: Wang, FUXln 
Cc:: Cooper, Tom 
SlJbject: Legacy, Bridge 22, Foundation Springs 

~'1ese are reasonable spring values to use for the foundation. 

lorizonta/: 300,000 kN/m 
Rotation: 7x1 07 kN-m/rad 
Axial: 107 kN/m 

Any questions, please call 

David 

415-243-4653 

1 

1 01 



Ramirez, Carlos 

From: 
Sent: 
'0: 

Williams, David (US) 
Thursday, August 16, 20014:18 PM 
Kimura, Takahiko 

102 

-Cc: Cooper, Tom; Ramirez, Carlos; Showers, Joseph I.; Deschamps, J.D.; Sircar, Partha; Dulor, 
Stephane 

Subject: RE: Bridge 25 foundations 

Taka, 

As discussed with you and Carlos, this memo confirms the summary of our foundation design/analysis for Bridge 25. 

Bridge 25 foundation design was based primarrly on the detailed analyses we performed for the preliminary foundation 
designs of the different bents for Brrdge 22, as provided by Frank Wang. The design loads are very similar, except that for 
Bridge 25 the plastiC shears are generally higher (shorter columns, especially Bent 2 at 25.3 ft) and the axial load (Dl+
seismic) at Bent 6 is higher. The SOils for each bent at Bridges 22 and 25 are based on the same borrng logs. Therefore 
we assumed the substantiated foundation design for Bridge 22 would suffice and performed confirmatory analyses for 
Bent 2 with the higher shear load and Bent 6 (poorest soil) With the higher axial load. 
[Aside: As with Brrdge 22, we assumed the soil overburden on each footing was 2 ft. Stephane has since pointed out the 
footing may be embedded much deeper. ThiS should be beneficial except for the pOSSibility of increased compression load 
.on the piles.] 

Resulting responses were consistent with Brrdge 22. Lateral displacements were acceptable (maximum of 80 to 90 mm). 
MaXimum stresses in the piles were well below yield. 

Thus With the proviso that the required pile capacities (In both compression and tension) can be achieved (and this IS to be 
provided by geotech), the bent foundation designs for Brrdge 22 (refer for pile layout) are appropriate for Bridge 25. These 
are: 

Bent 
2,3,4 and 6 

5 

Footing 
28 ft x 28 ft x 85ft 
18 ft x 36 ft x 8.5 ft 

Number of Piles 
24 
36 

If you have any questions or comments, or need more details, please let me know. 

David. 
Tel: 1-415-243-4653 

-----Onglnal Message----
From: Kimura, Takahlko 
Sent: Thursday, August 16,20012:56 PM 
To: Williams, DaVid (US) 
Cc: Cooper, Tom; Ramirez, carlos; Showers, Joseph I.; Deschamps, J.D. 
Subject: Bndge 2S foundabons 

David-

Per your request, I've sent you the situation plans for Bridge 25. Please use them to verify the bridge geometry you 
assumed In your analysis. 

Once you have done this, please email the Bridge 25 footing dimensions and pile layouts to us. We need the 
information in writing so we can document the design for quality control purposes. As we agreed on the phone, you do 
not have to draw the footings and piles. A written descrrption would be enough. 

Also, please send these results to Carlos Ramirez so that he can continue the design of the Bridge 25 bents. 

Thanks. 

Taka Kimura, P.E. 
Parsons BrinckerhoH 
1660 lincoln Sl Suite 2100 

1 



Ramirez, Carlos 

From: 
")ent: , 
• 'I: 

... ubject: 

Gill, Brendan 
Thursday, July 26,2001 3:47 PM 
Ramirez, Carlos 
Footing Elevations - Bridge 25 

103 

I have reviewed the top of footing elevations for Bridge 25 that you forwarded to Taka, and they match with the information 
that we have with one exception. As of this afternoon, Bent 7 has been removed. Spans 6 and 7 have increased in 
lenght. Ground elevation will be set .6 m from top of footing. 

Brendan Gill 
Parsons Brinckerhoff 
1660 Lincoln St. 
Suite 2100 
Denver, CO 80264 
Phone: (303) 390-5884 
Fax: (303) 832-9096 

1 



Ramirez, Carlos 

From: 
4Sent: 

(;c: 
Subject: 

Legacy Foundations 

Design Assi ... 

1 04 

Cooper, Tom 
Tuesday, July 17, 2001 7:38 PM 
Nugent, Victoria; Nobari, Farid; Wang, Fuxin; Consolacion, Benjamin; Gouge, Vickie; Ramirez 
Carlos; Dulor, Stephane ' 
Seyedmadani, Ali; Murillo, Juan A. 
Legacy Foundations Design Assignments.xls 

Please see the attached schedule of foundation design and checking assignments for the Legacy Parkway project. 
A more detailed schedule is available. The due date shown is the date we need to submit checked plans for pile (LEVEL 
2) to the Independent Quality Firm (IQF) prior to submitting them to UDOT. Checked cales should be available at this 
date. 
Pile loads should be submitted to the geotechs (through me) at least one week prior to the Level 2 submittal so that we can 
have pile data available to put on the plans for the Level 2 submittal. 

As most of you know, the contractor is driving piles and intends to continue doing so. That means that these dates are 
very real. We've done a good job so far at providing deSigns to get the project started on time. The next 2 to 3 months will 
be critical in making this project a success. We have to hit these dates, we have to be responsive, we have to be 
complete. 
We are very close to having a template in place that is productive. 
The fun is just begining. 

Tom 
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Ramirez, Carlos 

From: 
Sent: 

J: 
Jubject: 

For you design notes. 

-----Original Message-----

Cooper, Tom 
Thursday, September 13,2001 3:15 PM 
Wang, Fuxin; Ramirez, Carlos 
FW: Bridge 22/25 Foundation Design, Pier 5 

From: Wiliiams,David (US) 
Sent: Wednesday, September 12,20016:12 PM 
To: Cooper, Tom 
Subject: RE: Bridge 22/25 Foundation Design, Pier 5 

Tom, 

Analysis of Pier 5 foundation for the applied plastic moment of 71,000 kip-ft and corresponding shear of 2100 kip. 

190 

The footing has 36 piles and lateral response is satisfactory. The critical response is axial pile load caused by the 
overturning moment in the narrow direction (18 ft wide). The pile loads are 490 kip in tension and 710 kip in compression. 
Note that all 9 piles in the perimeter row reach this load so load redisribution is not effective. 

By removing the moment contribution from the passive earth pressure on the pile cap the tension load reduces to 470 kip, 
but this is questionable because lateral displacements may not be sufficient to mobilize the full passive earth resistance on 
the pile cap. 

David 
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Ramirez, Carlos 

From: 
~ent: 

0: 
Subject: 

Pranll 

Fuxin Wang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 3517 

-----Original Message-----

Wang, Fuxin 
Tuesday, September 04,2001 4:09 PM 
Ramirez, Carlos 
FW: Rectangular footings on BR 22 & 25 

From: Kimura, Takahiko 
Sent: Tuesday, September 04,20012:06 PM 
To: Wang, Fuxin 
Cc: Cooper, Tom; Nobari, Farid; Showers, Joseph 1.; Miyamoto, Michael (Denver); Deschamps, J.D. 
Subject: Rectangular footings on BR 22 & 25 

·1 rank-

19 1 

Thank you for sending the plan view of the rectangular footings on Bridges 22 & 25. As we discussed over the phone, I'd 
like to see if we could get rid of the 2 piles shown below (shown in red). The reason behind this is that the column rebar 
coming down into the footing will interfere with the pile rebar. 

@ @ @ @ @ @ e @ @ 

@ 0 @ @ • 0 @ ® @ 

@ 0 e @ • 0 @ 0 0 

® 0 000 © 0 0 @ 

Taka Kimura, P .E. 
Parsons BrinckerhoH 
1660 lincoln Sl Suite 2100 
Denver, CO 80264 
PHONE: [303] 390·5861 
FAX: [303] 832·9096 
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Ramirez, Carlos 

From: 
~ent: 

0: 
.jc: 
Subject: 

Joe, 

Noban, Fand 
Tuesday, September 04, 2001 4.13 PM 
Showers, Joseph I. 
Cooper, Tom, Wang, Fuxln; Ramirez, Carlos; Kimura, Takahlko 
RE: bar space conflict 

Our evaluations show that the 16 bars can be cut within one meter below the cap In summary 

Half of the bars (total of 50, or 25 bundles of 2) continue Into the cap per onglnal design. 

192 

The remaining half shall be cut-off at the bottom of cap, with allowance to burn 16 of these bars (I.e 8 bundles of 2) 
somewhere within the top 1 meter (from bottom of the cap) 

We will be able to back this up with necessary calculations. 

Please let us know If there are other Issues related to this topic 

Thanks 

Fand 

-----Ongmal Message-----
From: Showers, Joseph I. 
Sent: Tuesday, September 04,20013:17 PM 
To: Noban, Fand 
Cc: Cooper, Tom; Wang, Fuxm; Ramirez, carlos; Kimura, Takahlko 
Subject: RE: bar space conflict 

You are gOing to loose 4 bars (2 bundles) per sleeve, so my guess IS 16 total. Assume unrformly spaced removals. 
The contractor IS gOing to burn these anyway, so It would be better If we approved it In advance. If you guys are OK 
With It, we will place a note on the draWings stating this Otherwise, the QC polrce are going to wnte up the contractor 
every time the cutting torch comes out. 

-----Ongmal Message----
From: Noban, Fand 
Sent: Tuesday, September 04,20013:51 PM 
To: Showers, Joseph 1. 
Cc: Cooper, Tom; Wang, Fuxm; Ramirez, Carlos; Kimura, Takahlko; Noban, Fand 
Subject: RE: bar space conflict 

Joe, 
Upon our diSCUSSions this morning, we further refrned our demand and capacity envelop calculations to see If we 
can eliminate the need to develop the shorter set of bundled bars In the bent cap (previously noted as 250 mm 
preference) 

WE CONCLUDE THAT HALF OF THE BUNDLED SETS (EVERY OTHER ONE) CAN BE CUT-OFF DIRECTLY 
AT COLUMN-CAP INTERFACE. FOR BRIDGES 22 & 25. 
(thiS IS based on the governing column length, etc as we spoke this morning) 

As far as the 2 5" sleeves Within the top 1 meter, how many of these rods/bolts are Involved. If there are a few 
(say one per Side of the columns) we can cut only those bars that have conflict with the sleeves, at one meter 
below cap Would that work for you/contractor? 

Fand 

-----Onglnal Message-----

1 



From: Showers, Joseph 1. 
Sent: Tuesday, September 04,20019:26 AM 193 
To: Noban, Fand; Kimura, Takahlko 
Cc: Cooper, Tom; Wang, Fuxln, Ramirez, Carlos, Kimura, Takahlko 
Subject: RE: bar space conflict 

Another follow up. I talked to Ken this morning about the rebar cutoffs. He has form brackets that support the 
single column cap forms. These brackets are attached to the column with 2 inch diameter bolts rn 2 1/2 Inch 
sleeves. The bars and sleeves need to pass through the forest of vertical steel in the column The brackets 
and bolt sleeves are located less than a meter from the top of the column. IF we could place the cutoff point at 
1 meter below the bottom of cap, we would give the contractor a lot more room to place his sleeves. Do you 
thrnk that 1 meter would work? 

-----Onglnal Message-----
From: Showers, Joseph 1. 
Sent: Tuesday, September 04,20011001 AM 
To: Noban, Farrd 
Cc: Cooper, Tom, Wang, Fuxln; Ramirez, carlos; Kimura, Takahlko 
Subject: RE: bar space conflict 

OK, I agree with your column heights of 8 to 9 meters. One of these days, I'll figure out that you don't do 
calcs the day after a vacactlon day. 

-----Onglnal Message-----
From: Showers, Joseph I. 
Sent: Tuesday, September 04,20018:48 AM 
To: Nobarr, Fand 
Cc: Cooper, Tom, Wang, Fuxln; Ramirez, carlos, Kimura, Takahlko 
Subject: RE· bar space conflict 

You are right, It IS surprisrng We figured the height of the columns (top of footing to bottom of cap) is 
on the order of 13 to 15 meters. The bottom of the cap IS about 85% of the distance between the top 
of footrng and top of cap. We assumed that since the columns are "flagpoles", the location where we 
could develop and drop off half the vertical steel would be a lot lower than the top of column location 
But these are the numbers, so we will go with It. 

Now, from a detailing perspective, all of that vertical steel IS creating a major problem by interfering 
With the cap steel. The footing was a pain to deal With, but we did have a lot of room down there to 
shift steel around. We don't have any room rn the cap. You say you prefer to extend this rebar, but IS 
It absolutely necessary? Will the column break In half If we don't do It? If we can't build the caps, we 
can't build the brrdge. 

Please respond regardrng the necessity to continue all of the vertical column steel Into the cap 

-----Onglnal Message-----
From: Nobarr, Farrd 
Sent: Frrday, August 31,20016:10 PM 
To: Showers, Joseph 1. 
Cc: Cooper, Tom; Wang, Fuxln; Ramirez, Carlos 
Subject: FW: bar space conflict 

Joe, 
In response to your Inquiry of cuttrng half of the bundled bars below the cap for brrdges 22 and 25, 
Frank and Carlos looked rnto the pOSSibility 
We worked With the shortest column (about 7 5 m) so we can come up With ONE answer for you 
It might be surprrsrng to you, but since the columns are fairly short and fat, when conslderrng the 
depth of the flared bent caps, and the c g of the superstructure mass. Cutting the bars at about 
the bottom of the cap IS marginally acceptable. In fact as Frank notes below, the numbers reqUire 
250 mm embedment into the cap, With 100 mm confinement spacing In the upper 25 length of the 
columns (If pOSSible). 

Hope thiS helps. Call me If you have any questions 

Have a good weekend 

Farrd 
2 



1 9 4 
-----Original Message-----

From: Wang, Fuxin 
Sent: Friday, August 31,20014:35 PM 
To: Nobari, Farid 
Cc: Ramirez, Carlos 
Subject: bar space conflict 

Farid, 
Based on our evaluations, vve conclude that half of the bundled column bars (bridges 22.and 25) 
can be cut-off at about the bottom of the bent cap. It is preferred (if possible) to continue these 
shorter bars in to the bent cap for at least 250 nun. 

Also please note the above location is based on extending the shorter bundled bars sufficiently to 
develop the strength of the bar, vvhere the demands require them. To reduce this development: 
length (cut the bars at about bottom of the cap) for these epoxy-coated bars, vve had to depend on 
confinement steel spaCing of 100 mm for the upper 2_5 m of the column (directly belovv the cap). 
This in effect vvill allovv us to reduce the required development length by 25% (vvhich vve needed), 
see AASHTO B.25.3.3}. 

The above evaluation considers all columns vvithin the tvvo structures. 

Please let me knovv if there are other issues you need me to check on this subject. 

Prank. 

Fuxin "W" ang, PE 
Parsons Brinckerhoff 

Phone: (916) 567 - 2556 
Fax: (916) 925 - 35 17 
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Williams, David (US) 1 ~ 5 
To: Kimura, Takahiko 

Cooper, Tom; Ramirez, Carlos; Showers, Joseph I.; Deschamps, J.D ; Sircar, Partha; Dulor, 
Stephane 

Subject: RE. Bridge 25 foundations 

Taka, 

As discussed with you and Carlos, this memo confirms the summary of our foundation design/analysis for Bridge 25. 

Bridge 25 foundation design was based primarily on the detailed analyses we performed for the preliminary foundation 
designs of the different bents for Bridge 22, as prOVided by Frank Wang. The design loads are very similar, except that 
for Bridge 25 the plastic shears are generally higher (shorter columns, especially Bent 2 at 25.3 ft) and the axial load 
(OL + seismic) at Bent 6 is higher. The soils for each bent at Bridges 22 and 25 are based on the same boring logs. 
Therefore we assumed the substantiated foundation design for Bridge 22 would suffice and performed confirmatory 
analyses for Bent 2 with the higher shear load and Bent 6 (poorest soil) with the higher axial load. 
[Aside: As with Bridge 22, we assumed the soil overburden on each footing was 2 ft. Stephane has since pOinted out the 
footing may be embedded much deeper. This should be beneficial except for the possibility of increased compression 
load on the piles.] 

Resulting responses were consistent with Bridge 22. Lateral displacements were acceptable (maximum of 80 to 90 mm). 
Maximum stresses in the piles were well below yield. 

Thus With the proviso that the required pile capacities (in both compression and tension) can be achieved (and this is to 
be provided by geotech), the bent foundation deSigns for Bridge 22 (refer for pile layout) are appropriate for Bridge 25. 
These are: 

Bent 
2,3,4 and 6 

5 

Footmg 
28 ft x 28 ft x 8.5 ft 
18ftx36ftx8.5ft 

Number of Piles 
24 
36 

IT you have any questions or comments, or need more details, please let me know. 

David. 
Tel: 1-415-243-4653 

----Qnginal Message--
From: Kimura, Takahlko 
Sent: Thursday, August 16,20012:56 PM 
To: Williams, DaVId (US) 
Cc: Cooper, Tom; Ramirez, Carlos; Showers, Joseph I.; Deschamps, J.D. 
Subject: Bndge 2S foundations 

David-

Per your request, I've sent you the situation plans for Bridge 25. Please use them to verify the bridge geometry you 
assumed in your analysis. 

Once you have done this, please email the Bridge 25 footing dimensions and pile layouts to us. We need the 
information in writing so we can document the design for quality control purposes. As we agreed on the phone, you 
do not have to draw the footings and piles. A written description would be enough. 

Also, please send these results to Carlos Ramirez so that he can continue the design of the Bridge 25 bents. 

Thanks. 

Taka KimDra, .1. 
Panns lIriAClerhlll 
1660 liDClIn Sf. SUite nOD 
Dennr. CO 10264 

(}oo) '110 -t;;~b I 1 



Williams, David (US) 

From: 
~nt: 
0: 

Subject: 

Hi Davie/, 

Ramirez, Carlos 
Tuesday, August 14, 2001 3:42 PM 
Williams, David (US) 
Bridge 25 Information 

Use the following inforamtion for Bric!ge 25 substructure design: 

*Max Plastic Shear = ?}fl7 kips = 10262 kN 

* Plastic Moment = 58370 k-ft = 79150 kN-m < 

* Axial Loads at bottom of column due to DL & EQ 

-hp Of ftt-f~ ~ / J7 
8a1t A>Oal Load fI eft.) ~ {~. (bs) 

2 2,487 
- zs;,: ? Z307 I~Z.'O 

.-,-
-.-. , 

3 2,804 30, Go 11 o~ i~o 
\ 

4 2,645 1.,~~ '2..'~3 ct'llf O 

\ 

5 2,670 "21.0 "1-011 rqfo 

6 3,293 zg·C-. 'to£(- , qOfo 

... Soil Parameters at all bents (see attached files) 

If YOll have any questions please let me know. 
Carlos 

S-25-1 LPILE 

August pdf 

5-25-2 LPiLE 

Augustpdf 

5-25-3 LPILE 

Augustpdf 

5-25-4 LPILE 

AiJgustpdf 
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depth= -0.6 to 2.6; Sand CAPO '" ~~~~~~~ 
c= 0; gamma:; 18 

depth= 2.6 to 3.9; so:-ft._c~la..:y~ _____ -.!..I.:"'..:_::.:/:!.~~7~D:"""-I"I-.-I-I~I-~~~~~~~~ ______ ~ __ ....... __ _ c= 18; gamma= 6.7_ 
depth= 3.9 to 6.8; Sand (API) 
c= 0; gamma:; 10.1 

depth= 6.B to 10.9; Stiff clay w/free water 
c= 50; gamma= 9.7 

depth= 10.9 to 20.5; Sand (API) 
c= 0; gamma= 10.5 

depth= 20.5 to 23.9; Stiff clay w/free water 
c= 66.5; gamma= 9.7 

depth= 23.9 to 26.9: Sand (API) 
c= 0; gamma:; 10.5 ? .... 4-0 0 

depth= 26.9 to 30; Stiff clay w/free water 
c= 154; gamma= 11.4 
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depth: -0.6 to 2.9; Sand (API) ~"""~~" 
c: 0; gamma= 18 cp ~.:"" Z 0 09 

depth: 2.9 to 9, Soft clay 
c= 18; gamma= 6 7 

depth= 9 to 13.5, Sand (API) 
c= 0, gamma= 9.7 

depth= 13.5 to 14 7, Stiff clay w /free water 
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depth= -0 6 to 2 6. Sand (API) ~"""""~" 
c= O. gamma= 18 

depth= 2 6 to 3 9. Soft clay 
__ c=18.gamma=67 __________________________ ~~~~~~~~~~ __ --------------------------------______ __ 

depth= 3 9 to 6 8. Sand (API) 
c= O. gamma= 10 1 

depth= 6.8 to 10.9. Stiff clay w/free water 
c= 50. gamma= 9 7 

depth= 10 9 to 20 5. Sand (API) 
c= O. gamma= 10 5 

depth= 205 to 23 9. Stiff clay w/free water 
c=< 66 5; gamma= 9 7 

depth= 23 9 to 26 9. Sand (API) 
c= O. gamma= 10 5 

depth= 26.9 to 30. Stiff clay w/free water 
c= 154. gamma= 11 4 
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p~ 
100 
YEARS 

PARSONS BRINCKERHOFF 
COMPUTATION SHEET II. 

Subject _L_E..f!.i!~lt_~~~~i!¥:!..~~!!q~_~~i~f!1!q_~_n!!.Iy!}~_~_p":~~: __ 

_____________ !!f!JQ§.~_J~~.:_~~~}j!'~£f2!:~[}~!!.I]~?.~~~cF~~:y_,?1.,iu 

BRIDGE 25: Bearing Eorce6 and Shear Key 

-+ DESIGN BEARING RESTRAINT: 

Bearing Lateral Forces: 

Page ______ of .. "' ___ _ 

Made b~ __ C~_~'!'ic~2£ ______________ _ 
LJate ______ ~~e!~~~~~_?~_?_~q! _____ _ 
Checked by _______________ ---_____ _ 
LJate 

Bearing Lat, Forces 
Bearing Lat. Forces (from 

1.25 Plastic Shear 
column force) Bent 

L T L 

2 560 564 591 

3 359 573 429 

4 356 606 428 

5 ~67 609 520 

6 509 598 531 

Note: 

L: Longitudinal direction 

T: Transverse direction 

Design Bearing Restraint at Bents: 

L = 591 kips 

T= 697 kips 

DeSign Bearing Restraint at Abutments' 

L = free 

T = 697 kips 

-+ SHEAR KEY 

SeismiC gap = 0 

Shear key gap = service load requirement 

-+ INTERIOR DIAPHRAGM DESIGN: 

T L 

624 590 

658 528 

697 534 

678 587 

652 604 

Use maximum bearing transverse load to deSign the interior diaphragm. 

T = 697 kips 

Prepared by: C Ramirez 

1'\Legacy\Selsmlc Analysis\Brldge 25\shearkey 

ShearKey 1of1 

T 

590 

528 

534 

:587 

604 

Printed on 9/26/01 

at 11'42 AM 



Ramirez, Carlos 

From: Nobari, Farid 
Sent: 
'0: 

c: 

Monday, October 01, 2001 8:31 AM 
Showers, Joseph I.; Elwell, John; Baron, Michael J. 
Cooper, Tom; Wang, Fuxin; Ramirez, Carlos 

Subject: RE: Bridges 22 & 25 Seismic Design Loads 

General Clarification 

For bridges 22 and 25, all seismic loads (longitudinal and transverse) have to be transferred to the substructure. This can 
be called "Pinned Strategy"", as opposed to bearing "Fused Strategy" such as Bridge 26, where after 40%g, bearings will 
break the welds, and become sliders. 
To maintain general pot-bearing type and design details, the same 40% weld connection failure which is used for "Fused 
Strategy" can be specified for the bearings, HOWEVER, a different load path would then have to be in place to transfer all 
seismic loads. We have discussed the diaphragm member and connection to be designed for 100% seismic demand. 

Essentially the 40% bearing weld connection design, is to protect the bearings from further damage. The restraining 
bracket (following closure of small nominal gaps) will engage immediately after bearing connection failure, and will be 
responsible to transfer all seismic forces. 

For transverse direction, brackets extending below the diaphragm, engaging a raised key from top of the cap is most 
typical. 
For longitudinal direction, brackets extending from bottom of main girders, engaging raised shear keys from top of the cap 
is typical. 

TO SUM IT ALL UP: 

1) For steel bridges, we have 2 strategies, so far. Fuse bearing connection so that substructure can be designed for 40%g 
maximum. ("FUSED STRATEGY") 
..... ) If displacements as a results of fusing are excessive (which in case of 22 & 25 would have been"), the traditional fore 

ethod "Pinned Strategy" will have to be used (100% longitudinal and transverse load transfer). 

Obviously there are many other options that may work. For now we have been trying to maintain minimum variations 
between bridges. 

-----Original Message-----
From: Showers, Joseph I. 
Sent: ' Saturday, September 29, 2001 10:20 AM 
To: Nobari, Farid; Elwell, John; Baron, Michael J. 
Cc: Cooper, Tom; Wang, Fuxin; Ramirez, Carlos 
Subject: RE: Bridges 22 & 25 Seismic Design Loads 

Just to be certain that we are all on the same page, 
• The bearings are going to be designed for shears on the bearing assembly of 40% of dead loads. When 

the seismic loads exceed this, the welds break (not the bearings). This is the same approach as was used 
on Bridges 5 and 26 (correct?) 

• Transverse shear forces the exceed the above value of the weld strength will be transferred to the bent caps by 
way of the "catchers" that project downward from the steel plate diaphragms at the bents. 

• It is correct that the bearings are designed to rotate (to a limited extent) and are "pinned" for service live load 
rotations. 

• AN ,IMPORTANT CLARIFICATION: Farid - Are we are using "catchers" at the intermediate bents (these are 
shear blocks extending downward from the bottom flange of the girder) to restrain longitudinal shear 
forces? The discussion below implies that we are. John - do we have these shown on the information we 
are sending to Tensor? They used longitudinal catchers on 1-15. 

• If the above is correct, then we will need to provide a gap to allow for longitudinal movements used temperature 
and service loads. 

1 



-----Onglnal Message-----
From: Noban, Fand 
Sent: Wednesday, September 26, 2001 2 09 PM 
To: Elwell, John; Baron, Michael J.; Showers, Joseph I 
Cc: Cooper, Tom; Wang, Fuxm; Ramirez, Carlos 
Subject: Bndges 22 & 25 Seismic Design Loads 

Per discussions with John/Joe/Tom, the following information & recommendation IS provided for Bridges 22 & :25 

Bearing seismic performance/Restraint engagement gap 
Bearings at all Bents are pinned, reqUiring the connections to be strong enough to transfer governing lateral 
loads In Longitudinal and Transverse directions Therefore, seismic strategy reqUires no sliding gap. DeSign gaps 
for service loads/construction tolerance, and keep at a minimum 

At Abutments, the bearings are free to move longitudinally ( expected to engage back wall), and restrained 
transversely. Therefore transversely there should be no seismic gap (only service load/construction 
requirements), and longitudinally there should be freedom for seismic movement and engagement of back wall 

Bearing Restraint Seismic Design Forces (Forces per bearing) 
Bridge 22 MaXimum Longitudinal Restraint Force at each Bent= +/- 650 Kips 

Maximum Transverse Restraint Force at each Bent and/or Abutment = +/- 660 Kips 

Bridge 25: MaXimum Longitudinal Restraint Force at each Bent= +/- 650 Kips 
MaXimum Transverse Restraint Force at each Bent and/or Abutment = +/- 700 Kips 

Recommendation: DeSign tYPical longitudinal bearing restraints for all bents, and transverse restralntaints for 
bents and abutments, for both bridges 22 and 25, at +/- 700 KIps 

Note: +/- strength means, the restraint should be strong enough to resist forward and backward (for longitudinal), 
and right and left (for transverse) applied loads 

Details/Required steel area for reinforced concrete shear key 
We have not received to-date details of bent cap/bearing/shear keys to provide any detailed 
suggestion/recommendation. If the restraint strength IS through reinforced concrete shear keys extending above 
top of the bent cap, then the amount of reinforced steel dowels (acting In shear friction) can be estimated from the 
deSign forces above For example for 700 KIps strength, uSing 60 KSI rebar, Area of required shear key dowels 
(say reversed u bars) IS 700/60=12 square Inches. 

I Hope the above IS helpful for your needs We Will compile the supportive matenal for thiS Information as part of 
the deSign calculations 

Please call for any questions/clarifications 

Sincerely, 

Farld S. Nobari, P.E. 
Sen~or Superv~s~ng Eng~neer 

Parsons Br~nckerhoff, Sacramento 
Ph: (916) 567-2531 Fax: (916) 925-3517 
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-----Onglnal Message-----
From: Elwell, John 
Sent: Wednesday, September 26, 2001 6:49 AM 
To: Noban, Fand 
Cc: Baron, Michael J ; Showers, Joseph I. 
Subject: Bndges 22 & 25 Seismic 
Importance: High 

Fand, 
We are planning to send the Bridge 22 steel Info to the detailer on Friday and Br 25 is scheduled to be sent 
out 10/12. Louisville needs seismic shear forces and shear restrainer gap dimensions for these bndges to 
design the support diaphragms ASAP (yesterday). Please help. 

John Elwell 
PARSONS BRINCKERHOFF 
510 First Avenue North, SUite 550 
Minneapolis, MN 55403 
elwell@pbworld.com 
ph. 612.677.1266 
fax 612.371.4410 
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Ramirez, Carlos 

From: 
Sent: 

''): 

... c: 
Subject: 

Noban, Fand 
Wednesday, September 26, 2001 1.38 PM 
Nobari, Fand; Elwell, John, Baron, Michael J ; Showers, Joseph I. 
Cooper, Tom; Wang, Fuxin, Ramirez, Carlos 
RE Bridges 22 & 25 Seismic Design Loads 

In addition to the Information I provided below, One other Item IS addressed here' 

Diaphragm Member/Connection Design Forces. 

~ 5 () 

USing the transverse bearing forces at each bent (see below), you can analyze a stand-alone diaphragm system at the 
bent, with applied load at the deck level, equal and opposite the sum of the bearing transverse loads, to arrive at govern ing 
seismic design forces for members and connections 
For Intermediate diaphragms, you can either conservatively use the same lateral loads for additional 2 panels, or do the 
following. Realizing that the total applied shear gets accumulated from 2 half spans on either Side of each bent, you can 
Interpolate the load intensity at speCifiC intermediate diaphragm locations, apply Factor of Safety and deSign each system 
accordingly (I e seismic load on diaphragm at mld-span=O., maximum at ends of the span) 

Please call If you have any questions. 

Sincerely, 

Farid S. Nobari, P.E. 
Sen~or Supervising Eng~neer 
Parsons Br~nckerhoff, Sacramento 
Ph: (916) 567-2531 Fax: (916) 925-3517 

----Onglnal Message-----
From: Noban, Fand 
Sent: Wednesday, September 26,20011:09 PM 
To: Elwell, John; Baron, Michael J., Showers, Joseph I. 
Cc: Cooper, Tom; Wang, Fuxln; Ramirez, Carlos 
Subject: Bndges 22 & 2S Seismic DeSign Loads 

Per diSCUSSions with John/Joe/Tom, the follOWing Information & recommendation IS provided for Bridges 22 & 25 

Bearing seismic performance/Restraint engagement gap 
Bearings at all Bents are pinned, requiring the connections to be strong enough to transfer governing lateral loads In 
Longitudinal and Transverse directions. Therefore, seismic strategy reqUires no sliding gap DeSign gaps for service 
loads/construction tolerance, and keep at a minimum 

At Abutments, the beanngs are free to move longitudinally ( expected to engage back wall), and restrained 
transversely. Therefore transversely there should be no seismic gap (only service load/construction requirements), 
and longitudinally there should be freedom for seismic movement and engagement of back wall. 

Bearing Restraint Seismic Design Forces (Forces per bearing) 
Bridge 22 . MaXimum Longitudinal Restraint Force at each Bent= +/. 650 Kips 

MaXimum Transverse Restraint Force at each Bent and/or Abutment = +/. 660 Kips 

1 



Brldge 25 Maximum Longitudinal Restraint Force at each Bent= +/- 650 Kips 257 
Maximum Transverse Restraint Force at each Bent andfor Abutment = +f- 700 Kips 

Recommendation: Design tYPical longitudinal bearing restraints for all bents, and transverse restrain taints for bellts 
and abutments, for both bridges 22 and 25, at +/- 700 KIps. 

Note: +/- strength means, the restraint should be strong enough to resist forward and backward (for longitudinal), a Ild 
right and left (for transverse) applied loads. 

Details/Required steel area for reinforced concrete shear key 
We have not received to-date details of bent cap/bearing/shear keys to provide any detailed 
suggestion/recommendation. If the restraint strength IS through reinforced concrete shear keys extending above top of 
the bent cap, then the amount of reinforced steel dowels (acting In shear friction) can be estimated from the design 
forces above. For example for 700 KIps strength, uSing 60 KSI rebar, Area of required shear key dowels (say 
reversed u bars) is 700/60=12 square Inches. 

I Hope the above IS helpful for your needs. We Will compile the supportive matenal for this information as part of the 
design calculations. 

Please call for any questions/clarifications 

Sincerely, 

Farid S. Nobari, P.E. 
Sen~or Superv~s~ng Eng~neer 

Parsons Br~nckerhoff, Sacramento 
Ph: (916) 567-2531 Fax: (916) 925-3517 

-----Onglnal Message-----
From: Elwell, John 
Sent: Wednesday, September 26,20016:49 AM 
To: Noban, Fand 
Cc: Baron, Michael J.; Showers, Joseph I 
Subject: Bridges 22 & 25 Seismic 
Importance: High 

Farid, 
We are planning to send the Bridge 22 steel info to the detaller on Friday and Sr 25 is scheduled to be sent out 
10/12. LouiSVille needs seismic shear forces and shear restrainer gap dimensions for these bridges to design the 
support diaphragms ASAP (yesterday). Please help. 

John Elwell 
PARSONS BRINCKERHOFF 
510 First Avenue North, SUite 550 
Minneapolis, MN 55403 
elwell@pbworld.com 
ph. 612.677 1266 
fax 612.371.4410 
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-----Original Message-----
From: Elwell, John 
Sent: Wednesday, September 26, 2001 6:49 AM 
To: Nobari, Farid 
Cc: Baron, Michael J.; Showers, Joseph 1. 
subject: Bridges 22 & 25 Seismic 
Importance: High 

Fa rid, 
We are planning to send the Bridge 22 steel info to the detailer on Friday and Br 25 is scheduled to be sent out 10/12. 
Louisville needs seismic shear forces and shear restrainer gap dimensions for these bridges to design the support 
diaphragms ASAP (yesterday). Please help. 

John Elwell 
PARSONS BRINCKERHOFF 
510 First Avenue North, Suite 550 
Minneapolis, MN 55403 
elwell@pbworld.com 
ph. 612.677.1266 
fax 612.371.4410 
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259 
Ramirez, Carlos 

From: 
Sent: 
. '0: 

Cc: 
Subject: 

Nobari, Farid 
Friday, September 28, 2001 3:57 PM 
Wang, Fuxin; Ramirez, Carlos 
Cooper, Tom; Nobari, Farid 
Legacy Bridge 22 & 25 - Bearing/diaphragm forces 

In recent e-mails, we provided John Elwell bearing forces for Bridges 22 and 25, to be used for diaphragm and bearing 
connection design. Please remember to add the 2 page tabulation you provided to capture the bearing forces to the 
design calculations. 

Please make an internal cover, title it "calculation amendments dated 9-26-01" and file these calculations and anything we 
add to our previous submittal under this sub-section, so it is always clear what we have sent them, and what we have 
amended. 

Thanks. 

Farid S. Nobari, P.E. 
Senior Supervising Engineer 
Parsons Brinckerhoff, Sacramento 
Ph: (916) 567-2531 Fax: (916) 925-3517 

1 
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Ramirez, Carlos 

From: 
Sent: 
·0: 
iubject: 

Importance: 

-----Onglnal Message-----
From: Noban, Fand 

Nobari, Fand 
Thursday, September 27,2001 2.50 PM 
Ramirez, Carlos; Wang, Fuxln 
FW' Bndge 22 and 29 - SeIsmIc Design Calculations 

Sent: Thursday, September 27, 2001 2:46 PM 
To: Wllhams, David (US); Sircar, Partha 
Cc: Kimura, Takahlko; Deschamps, J.D ; Cooper, Tom; Showers, Joseph I.; Dufor, Stephane; Noban, Fand 
Subject: RE: Bndge 22 and 29 - Seismic Design calculations 
Importance: High 

DavId, Partha 

260 

As you know last week we have forwarded the compIled desIgn calculatIons for Bridges 22 and 25 We compIled the 
structural analysIs, desIgn, and check calculatIons (whIch were done here In Sacramento), wIth pIle foundatIon analyses 
and check (whIch were done by your offIce) As a result, maybe a summary memo whIch could have explaIned how the 
pIeces go together, IS mIssing to clarrfy and answer JD's questIons 
SInce I am aware of extensIve analysIs and check that was done for foundatIons and lateral sOIl parameters for brrdges 22 
and 25, and to assIst JD In having audIt-ready calculatIons, I am suggesting/requestIng that you prepare a summary memo 
for brrdge 22 and one for 25, and e-maIl to all of us, so that JD can prInt and compIle wIth the calculatIons. Based on my 
knowledge of the effort, I suggest the following' 

Brrdge 22 foundatIon memo contents 
• Analysis by DavId WIllIams, Check By Partha 

Several sensItIvIty analyses were conducted for ranges of sOIl propertIes provIded by Kleinfelder 
DeSIgn of Bents 2, 4, and 6 are all governed by diagonal loading of typical square foundation 

• Bent 5 deSIgn and analysIs was speCific for a rectangular foundation, loaded diagonally. 
• Abutments 1 and 7 deSign were governed by Abutment 1 

Bridge 25 FoundatIon memo contents 
• AnalysIs by DavId Williams, Check by Partha 
• DeSign of Brrdge 22 does govern Bridge 25, so minimal analYSIS was done for Bridge 25 speCifically 
• DeSign of Bents 2, 4, and 6 are all governed by diagonal loading of tYPical square foundation 
• Bent 5 design and analYSIS was speCifiC for a rectangular foundation, loaded diagonally 
• Abutments 1 and 7 deSign were governed by Abutment 1 

J.D Agreed that a memo Wit the above addressed Will be very helpful, however he needs it ASAP. Could Davld/Partha 
prepare a Single sheet memo for each of the above brrdges and forward to all Thanks 

Stephanie, It appeared that the question on Brrdge 29 was somewhat resolved. You may Wish to call JD to see If there IS 
a sImIlar type of Single sheet memo that can document pIeces went to deSIgn of the Bent Cap Carlos (Sacramento) had 
completed seismic deSIgn check of the cap, only 

Thanks for you help. 

Farrd 

-----Onglnal Message-----
From: Deschamps, J.D. 
Sent: Thursday, September 27, 2001 8.48 AM 
To: Noban, Fand; Cooper, Tom; Showers, Joseph I. 
Cc: Kimura, Takahlko 
Subject: Bndge 22 and 29 - SeismiC DeSign calculations 
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Farid. 

I did a quick cursory check of the calculations and I have a few questions. 

(';nl 1.0· 

1.) On Bridge 22 - Pile foundation analysis Volume 2 of 2 there are NO independent calculations. Why? What do I 
tell the auditor? 
2.) In the same binder we have calculations for Bent 2, 3 5 and 6. Where is 4? 
3.) There are calculations for Abutment 1 but nothing on abutment 7? Where is this? 
4.) Bridge 29 - Pier cap calculations. I have a binder with the Seismic Design check but I can't find calculations with 
the seismic design calculations. Can you give me binder names and page numbers where everything is located. 

Have I missed the text that explains what is going on? Can you get back to me ASAP because the auditor arrives on 
Monday. 

Thanks, 

JD 

JD Deschamps. PE 
Parsons Brinckerhoff 
Denver. CO 
Tel. 303-832-9091 
Direct Dial 303-390-5843 
Fax 303-832-9096 
deschamps@pbworld.com 

2 



PARSONS BRINCKERHOFF 
COMPUTATION SHEET 

Subject Legacy Parkway Seismic Analysis & Foundataion Desigr 
1 · ----------------------- ----------------------------------------. 

____________________ J3~CZ~!_~tiUAd~~ _____________________ _ 

BRIDGE 25: ASSUMPTIONS 

'- 1 Same backfill a6 bridge 28 i6 u6ed in tbi6 bridge foundatione. 

I",J (nk. 
Page ____ ~_ of ______ I I 
Made by ___ c.JY'lLn..a __________ .R._Q_l_ 
Date ___ .J.Id.Iy_l~.!._?9.Q· 
Checked by 

Date 

2 Aeeume the original ground 6urface i6 0.6m higher than footing elevation ba6ed on Brendan Gill'6 email. 

3 Spil propertie6 froml\,leinfelder i6 u6ed in thie; analY5i5. 

4 A55ume the pile capacity i6 200 ton. 

5 Borehole re5ult in 5UppOrt 5 i6 u6ed in Lpile analysi5. 

6 Updated footing elevation from Joe Showers on 8/6/01 i5 u5ed. 

7 Modeling the birdge u5ing leffe. forcoulumn, U6e phi (0.5-0.9) and R factor for demeand calculation. 

8 Design footing based on pla5tic overotrength moment Mo=1.3Mn 

9 Assume foundation5 with 6pring 5tiffne55. 

10 A66ume Pin connection on top of colutms. 

11 A55ume Shear Key on top of column. 

12 Updated footing elevation again ba5ed on Joe Showers' email dated on 9/4/01. 

13 A65ume compre66ion capacity i5 3340kN (750kip6). 

14 A65ume Pile Ten6ion Capacity can go a5 high a5 80% of the cotrpre56ion capacity due to pile te5t. 

I :\Legacy\Seismic Analysis\Bridge 22\Br25 Revision 2.1 

Assumptions 1 of 2 

Prepared by: FW 

Printed on 9/14/01 at 11:19 AM 



PARSONS BRINCKERHOFF r::::- COMPUTATION SHEET 
100 
YEARS ill' 

Subject _ -----__ -----____________ -----------__ ------____ ----------__ ---_ -------

A.. ~vT M.£N T 1-

Page _________ of __________ 1 2 0 5 
Made by _________________________________ _ 

Date ______________________________________ _ 

Checked by _____________________________ _ 

Da te ______________________________________ _ 



LEGACY PARKWAY 
IIRIDGEZ5 
PILE CAPACITY SUIIIMARY • PP 401.' 5311.·" 3/1") 

YIELD STRENGTH. «8I11P. 

A·' TlWJloIGoolochn"alCBpac/lyperFilo/2.25xS_LOBd) 

B-2 TlWJlot GooIochnlcal CBpacjty per FIIo /2.25JtSetvlce Load) 
B-3 T"",.t G_nleal CBpac/Iy per _12.25xs.tvbLoadI 
8-4 T"'I/ot Goo_leal CBpac/Iy per _ (225JtSetvlce Load) 

B-5 T "'1/01 Goolochnlr:aI CBpacIty per Pile (2.25._ Load) 

B-8 TlWJlot GoofrH:hn/ca/ CBpac/Iy per PI). (2 25JtSelv/co Load) 

"'-7 T"'I/.t Goolochnlcal CBpacjty per FIIo (225.S.,..lco Load) 

(T1WJI.r Setvlce Load Provided by Strucftra/ EngIneorj 

A 8 

Loeanon Flnlshod Grodo Bottom of Plio 
Eleyotlon Cop !:ley_ 

1m) 1m) 

Bridge 25, Abubnent 1 1306.3 13005 

Bridge 25, Bent 2 12970 12920 

Bridge 25, Bent 3 12970 12920 

Bridge 25, Bent 4 1297.5 12930 

Bridge 25, BentS 1298.0 12944 

Bridge 25, Bent 6 1297.5 1294.4 

Bridge 25, Abubnent 7 1310.1 13043 

Location Boring. U .. d for SoU Prom. 

Bndge 22, Abutment 1 RB-385, SC-27 -341, LSB-22-435 
Bodge 22, Bent 2 RB-385, SC-27-341, LSB-22-435 
Brodge 22, Benl 3 LSB-25-453, SC-27-342 
Bridge 22, Benl 4 LSB-22-437 
Bndge 22, BentS lSB-25-4S4, SC-27 -344 
Brldge 22, Benl 6 LSB-25-455 
Bndge 22, Abulmenl 7 LSB-22-490 

D.scrlptlon of InfonnaUon Prvsenled In Each Column: 

3,195 kN 

1,854 kN 

2,032 kN 

1,942 ON 

1,271 kN 

2,178 kN 

3,nl kN 

C D E 

Eot Embanlun. TorgotPl1o Minimum Pile 
Height TIp Elavollon TlpElovallon 

1m) 1m) 1m) 

10.3 1283.3 1283.3 

· 12695 12695 

· 12720 12720 

· 12730 1273.0 

· 1269,4 1269.4 

· 12713 1271.3 

12.1 12161 12861 

Inilla" Date 

eo....,IeIedBy 

RevIowedlly 

F G H J K l 
ServlceUpnft Roqund Sol.mle Service Load Roqund Driving EoLPU. Eotlmotod Mulmum 

load R •• lstanCi Comproulon upun IDL+LL) R .... hn .. Longthwlml Structural Load In Plio IIIN) 
IkN) R .... tonce IIIN) Roo .. tan .. (lIN) (1tH) lItH) (m) lServlce lDOd + Drag lDOd) 

588 N/A 29 1,420 3,195 18 2,378 

982 3,135 1,170 824 3,567 23 2,257 

947 3,135 1,870 903 3,415 20 2,210 

930 3,135 1,870 863 3,583 20 2,243 

1,199 3,160 2,135 565 4,135 25 2,487 

955 3,135 1,870 968 3,350 24 2,159 

676 N/A N/A 1,676 3,711 19 2,985 

A Finished Grade Elevallon • Top of approach slab elevaUon at.butmentlocaOons and adJacenl gtOund elevation at bentlocallons as shown on \he structure Plan and PtOfIle drawing provided 

B Bottom of Pile Cap Elevation· ElevaUon at the boltom 01"'0 plio cap as scaled from the structure Plan and Profile drawing provided 

C Estimated Embankment Haight· Elevallon difference between tile top of !he appRlsch slab and !he native ground surface at the abutmenl as scaled !rom \he structure Plan and PtOfIle drawing provided 

M N 
EoL Elovatlon of Eotlmolod Pile 

N.utral PIsno Tip Settlomont 
1m) Imm) 

12858 & 

1273.5 4 

1275.9 4 

12765 4 

12733 4 

12766 3 

1287,4 ... 

D Target PilI Tip Elevation - EsUmaled elevallon to which \he bottom of the pUe will need to be driven to develop \he required capacity and meet the set\lemen\ crIIeria (AddlbOnai depth may be required 10 reach required resistance during driving ) 

E Minimum PilI TIp Elevation· EstImated minimum e\evaUon to which "'" bottom oIl1le pile win need to be driven to meet se\llement, minimum length, or minimum deplh aI\erIa shlluld lIIe required driving resistance be oI>IaIn«Iabovallle Target PIle Tip EleY'I 

F. Service Uplift Load Resistance: IUHlmale Friction ReslstanceY(FS=2 25) Percommenl resolullon meetIng with uoor (8115101) 

G Sllsmlc Comprosslon Rulstanee = Ultimate Friction and End Bearing Resistance neglecting the contribution 0/ polentlally liquefiable zones. (AASHTO allowslhe use 0/ lIle uilimate reslslance values to resist seismic loads) 

tI Seismic Uplift Reslstanc. = Ultlmale FrictIon Reslslance neglecting lIle conlribution of polentiaDy liquefiable zones (AASHTO allows Ihe use of lIle ultimate friction resistance value to reslsl seismiC uplift loads ) 

I' Sarvleeload IDl + ll) • The maximum load lIlel can be applied alllle top of tile pile by the sltucture provided Ihe pile Is driven 10 Ihe assumed capacity 

J Required Driving Reslstanc. - The minimum load (service load x 2 25 or required seismic resistance plus esUmaled loss during liquefaction, whichever Is grealer) lIlal musl be vetllled In lila field by PDA. 

k. Eollmated Pile Length wi Fill • The estImaled Ieng\h of pile required CalOJIated as {BOI\om Of Pile Cap· Esllmated TIp ElevaPon) ruunded up 10 lIle nearest meIer IActuallenglhs may vary depending on drtvlng 

condlHons encountered at each pllelocallon.) 

L EstImated Structu,", lolld In the Pile - Thelatgest load \hat will develop In the pile due to sltuctural SIII'I/Ice dead loads and drag loads This load occurs II Ihe neutral plane where equnlbr1um exlslS between the sum oIlhe downwanf acting 
pennanenlload (service load) applied at tile top 0/ the pile and drag load due to negadve skin friction end lIle sum of upwanf acting posIUIIB shaft resistance and mobilized loe resistance 

... Eollmated Elevation of Neutral Plano· The level In the pile where relatlye movemenl between the pDe and soil Is zetO 

N Eotimated Pile TIp SeHlemenl • The magnltude of pile tip se\tlement required 10 mobilize esUmaled pile Up loads This does nollnclude elastic compression of the pile 

Bridge ~Plle SunmwyD .. MtabI. ( .. t3-01) 



Legacy Parkway 
lateral Pile AnalysIs 
Soil Parameters for lPllE or GROUP 

Structure 
Supportls) 
Water DeDth (m) 
Bonng ElevatIon (m) 

I Completed By 

I Checked By 

layer 

1 
2 
3 
4 
5 
6 

25 
1,2 
15 

12955 

Imtlals Date 

Depth to 
Depth to 

Modulus of FrICtIOn 
Bottom UmtWelght Shear 

SOil Type 
Top of 

of SOIl of Soli Strength 
StraIn, Subgrade Angle, 

Soli layer 
layer (kN/m3

) (kNlm2
) 

E50 Reaction,k <I> 

(m) 
em) 

(kPa/m) (degrees) 

Sand 00 10 203 - - 54,900 41 
Soft Clay 10 15 198 31 0027 18,665 -
Soft Clay 15 36 100 31 0027 18,665 -

Sand 36 62 10 1 - - 8,550 32 
SoftCla~ 62 11 5 98 36 0030 27,665 -

Sand 115 150 105 - - 25,590 39 

Press the ·Copy" button to copy thIs tab to a new spreadsheet The new file should be saved In the same directory wrth the name 
·S-XX-Y,Y,Y lPllE Parameters" (XX Is the structure number and Y IS the support numbers for which thiS file applies Complete 
renaming of the spreadsheet Immediately after It 1$ COPied by adding the structure and support numbers 

Maximum Side Fnctlon Maximum TIp Resistance 
(kN/m2) (kN/m2) 

Too Bottom Too Bottom 

0 11 0 2940 
4 6 110 170 
6 10 170 290 
20 30 3490 5290 
17 28 560 940 
69 89 16280 20910 
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depth= 0 - 1, Sand 

depth= 1 - 1 5, Soft clay 

depth= 1 5 - 3 6, Soft clay 

depth= 3 6 - 6 2, Sand 

depth= 6 2 - 11 5, Soft clay 

depth= 11 5 - 20; Sand 
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LEGACYPAA""AY 

BRIDGE 25 

PILE CAPACITY SUMMARY - PP 408.9 53 (18"'3/8, 

YIELD STRENGTH s 448 MP. 

A-1 Target Geotechntcal Capacity per PIle (2.25xServlc8 Load) 

B-2 Target Geotechnical Capacity per PIle (2 25xServlCB Load) 
B-3 TaTget GeotechnlctJI CapacIty per Pile (2 25xSetVICe load) 

8-4 Target Geotechnical Capactty per Pile (2.25xSfJMC8 Load) 

8-5 Target Geofechrncel Capacny per Pile (2 25xServIC8 Load) 

8-6 Target Geotechnical Capacity per PIle (2 25xServ1C6 Load) 

A-7 Target Geotechmcsl Capacity per PIle (2 25xServIC8 Load} 

(Target SaMes Load Provided by SfrucwflJl Engineer) 

A B 
location Flnlahed Grade BoHomof PU. 

EleVation Cap ElevatIon 
(m) 1m) 

Bridge 25, Abutment 1 13063 13005 

Bridge 25, Bent 2 12970 12920 

Bridge 25, Bent 3 12970 12920 

Bridge 25, Bent 4 12975 12930 

Bridge 25, Bent 5 12980 12944 

Bridge 25, Bent 6 12975 1294.4 

Bridge 25, Abutment 7 13101 13043 

Loc,tlon Borings Used for Soli prome 

Bndge 22, Abulment1 RB-3B5, SC-27-341, LSB-22-435 

Bndge 22, Benl 2 RB-385, SC-27-341, LSB-22-436 

Bndge 22, Benl 3 LSB-25-453, SC-27-342 

Bndge 22. Benl4 LSB-22-437 

Bndge 22, Bent 5 LSB-25-454, SC-27 -344 
Bndge 22, Bent 6 LSB-25-455 

Bndge 22, Abutment 7 LSB-22-490 

Description of Information Presented In Each Column 

3,195 kN 

1,854 kN 

2,032 kN 

1,942 kN 

1,271 kN 

2,178 kN 

3,771 kN 

C D 

EsL Embankm. Targel Pile 

Height TIpElevaUon 

(m) (m) 

103 12833 

- 12695 

- 1272 0 

- 12730 

- 12694 

- 12713 

121 12861 

Initials Date 

Completed By 

Reviewed By 

E F G H K L 
MlnlmumPU. Service Uplift Required Seismic Service Load Rlqulrad Dmrlng Est Pili Estimated Maximum 

Tip Elevallon lOld Reslatlnce Compression Uplift (DL+LL) Resistance Longthwfflll SlructuralLoad In Plio (kN) 

(m) (kN) R •• lslanco (kN) Ro.lstanco (kN) IkN) (kN) 1m) (Service load + Drag Load) 

12833 588 N/A 29 1,420 3,195 18 2,378 

12695 982 3,135 1,870 824 3,567 23 2.257 

12720 947 3,135 1,870 903 3,475 20 2,210 

12730 930 3,135 1,870 863 3,583 20 2,243 

1269.4 1,199 3,160 2,135 565 4,135 25 2,481 

12713 955 3,135 1,870 968 3,350 24 2,159 

12861 616 N/A N/A 1,676 3,771 19 2,985 

A Ftnlshed Grade Elevation - Top of approach slab elevation at abutment locations and adjacent ground elevalion at bent locallons as shown on the structure Plan and Profile drawing provided 

B Boltom of Pile Cap Elevation - Elevation at Ihe bottom of the pile cap as scaled from the structure Plan and Profile drawing provided 

C Esllmated Embankment Height - Elevallon dIfference between the lop of lhe approach slab and Ihe nalive ground surface at Ihe abulmenl as scaled from Ihe slructure Plan and Profile draWing provided 

M N 
Est EI.vatlon of Estimated PII, 

Neutral Plane Tip Sottloment 

(m) (mm) 

12858 6 

12735 4 

12759 4 

12765 4 

12733 4 

12766 3 

1287.4 22 

o Target Pile Tip Elevallon - Esbmaled elevation to which Ihe bottom of the pile will need to be dnven to develop the required capacity and meal the setUement criteria (Additional depth may be reqUired to reach required resistance during driving) 

E Mtntmum Pile Tip Elevation - Esllmaled minimum elevallon to which the bottom 01 the pile will need to be d~ven to meet seHlemenl, minimum length, or minimum depth criteria should the required driving resistance be obtained above the Target Pile IIp ElovE 

F Service Uplift Load Reslslance = (Ulllmale Frlcllon Reslstance)/(FS=2 25) Per comment resolullon meellng with UOOT (8115101) 

G SeismIc Compression Reslslance = UIt,male Friction and End Bearing Reslslance neglecting Ihe contribution of potentially liquefiable zones (MSHTO allows Ihe use of the uilimate reslslance values to resist seismic loads) 

H Seismic Uplift Reslst.nce = Ultimate Friction Resistance neglecting Ihe conlrlbutlon of potenllally liquefiable zones (MSHTO allows Ihe use of Ihe ullimale fnctlon resistance value to reslsl seismiC uplift loads) 

Service Load (OL + LL) - The maximum load that can be applied at Ihe lop of the pile by the slruclure provided Ihe pile Is dnven 10 the assumed capacity 

J Required Driving Resistance - The minimum load (selVlce load. 2 25 or required seismiC resistance plus esllmaled loss during liquefaction, whichever Is grealer) that must be venlied In Ihe fleld by PDA 

K Esllmated Pile Length wi Fill - The esllmated lenglh of pile required Calculaled as (Boltom Of Pile Cap - Estimated IIp Elevation) rounded up to the nearesl meter (Acluallenglhs may val)' depending on driving 

conditions encountered al each pile location) 

L Estimated Slruelur.1 Load In the Pili - The largesl load thai will develop In the pile due to slructural service dead loads and drag loeds This load occurs al the neutral plane where equilibrium .. Isis between the sum 01 the downwanl acting 

pennanenlload (seNlce load) applied allhe top of Ihe pile and drag load due 10 negabve skin lrictlon and the sum 01 upward acting posllive shaft resistance and mobilized toe reSislance 

M ESlimaled Elevation of Neutral Plane - The level In Ihe pile where relative movemenl between Ihe pile and soli Is zero 

N. Estimated Pile Tip Settlement - The magnitude of pile lip senlemenl required 10 mobilize esllmated pile tiP loads This does not Include elastiC compression of Ihe pile 

Bridgll25PI\eSUttUTW'yDeII~e(g..13--01) 



Legacy Parkway 
laleral Pile Analysis 
5011 Parameters for LPILE or GROUP 

Structure 
Support s 
Water Depth m 
Existing Ground Elevation m 

I Completed By: 

I Checked By: 

Layer 

1 
2 
3 
4 

25 
6,7,8 
3,0 

1298.2 

Initials Dale 

Depth to 
Depth to 

Modulus 01 Friction 
Bottom Unit Weight Shear 

Soil Type 
Top 01 

01 Soil 01 Soil Strength 
Strain, Subgrade Angle, 

Soil Layer 
Layer (kN/m

3
) (kN/m2) 

E50 Reaction, k + 
(m) 

(m) 
(kPa/m) (degrees) 

Sand 0.0 3.0 19.5 - - 2,250 30 
Soft Clay 3.0 8.8 10.3 24 0.020 9,665 -

Silt 8.8 10.4 9.9 9 0.010 3,500 32 
Sand 10.4 15.0 10.1 - - 12,100 33 

Pres.s the 'Copy' bullon 10 copy this lab 10 a new spreadsheet. The new file should be saved in Ihe same directory with the name 
'S-XX-Y,Y,Y LPILE Parameters" (XX is the structure number and Y is the support numbers lor which this file applies. Complete 
renaming 01 the spreadshe~t immediately after It is copied by adding the structure and support numbers. 

Maximum Side Friction Maximum Tip Resistance 
(kN/m2) (kN/m2) 

TQI! Bottom Too Bottom 

0 20 0 3010 
12 24 270 540 
39 44 3120 3530 
57 76 10770 14500 
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depth= 0 - 3, Sand 

depth= 3 - 8 8, Soft clay 

depth= 8 8 - 10 4, Silt 

depth= 10 4 - 20, Sand 
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Bending Moment (kN-m) 
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