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1. DESIGN OF PILES
1.1 Pile Axial Load Design

The piles include 24-inch diameter casing, extending through the upper soils to the top of the
weathered Franciscan Formation. Below the casing, the piles are reduced in diameter to 20

inches for the rock socket.

The pile geotechnical and structural axial-load capacity is documented in the spreadsheet
calculations below. We have designed the rock sockets of the retrofit piles to sustain an
allowable load of 800 kips. We have not considered any resistance coming from the cased

section of the piles above the rock surface.

Jacking Load: kips

Steel Section Reinforcing
Diameter 24(in Number of Bars 1
Thickness 0_5|in (0.75 in with 0.25 in. corrosion allowance) Bar Size # 18
Steel Area 37.31 in"2 As 4.00)in"2
skinarea:___ 6.28]sfit Fy 80| Dywidag A615 Threadbar
Cased Hole
grout area: 415.48 in"2 Soil Profile
fc :Iksi Condition Top Bottom Length
CLSM | -25.75 -80 54.25
Rock Socket Colma -80 -90 10
diameter:l 20|in OBC -90 -200 110
grout area: 314.16 in"2 Alameda -200 -250 50
skin area: 5.24 sfift Upper Franciscan =250 -260 10
fe 6 ksi Franciscan -260 -500 240

Structural Design in Rock Socket

Concrete Nominal 1582 kips
Reinf. Nominal 320 kips
Total Nominal 1521 kips 0.8 Pn-max factor included
Total Design 989 kips using phi =0.65

Geotechnical Design

capacity

soil layer ult skin (ksf)*  effectiveness  length (ft) (kips)  *from Langan on 706 Mission (except CLSM)
CLSM 1.0 0.00 54.25 0
Colma 3.0 0.00 10 0
OBC 1.0 0.00 110 0
Alameda 3.0 0.00 50 0
Upper Franciscan 3.0 1.00 10 157
Franciscan 12.0 1.00 23.00 | 1445  required embedment for desired capacity
Ultimate Strengh 1602  kips
Design Strength 1282  kips using phi=0.8
Allowable Strength 801 kips



1.2 Tension Rod and Jacking Design

The load is imparted to the piles through flat jacks. jacking beams and tension rod “fuses.” The
tension rods are intended to yield as the building continues to settle over time, while protecting
the piles from excessive loading, which would be detrimental to the existing mat foundation.
Strain in the tension rods is limited to 5% at a maximum settlement of 8 inches. This results in a
rod length of 160 inches.

Tension Fuse

N rods 4|
Diameter each 2.25(in
Fy 55|ksi; ASTM F1554, Grade 55
Fu 75|ksi; ASTM F1554, Grade 55
Area ea. Rod 3.98 in"2
Total AsFy 875|kips
Ry 1.2?'@ 5% strain to produce 70 ksi
Total RyAsFy 1113 kips

We have designed the jacking beam to sustain the strain-hardened load in the tension rods, based

on the specified maximum stress of 70 ksi at 5% strain.

Jacking Beam

Shape| W24x20?|
s 531 in*3
Aw 22.36 in"2
z 606 in*3
Moment of | 6820 in™4
Fy 50 ksi; A992
0.9SxFy 1991 kip-ft
Moment 1113 kip-ft @ strain-hardened load; DCR= 56% 25.16 ksi
0.6FyAw 671 kips
Shear 557 kips @ strain-hardened load; DCR= B3% 24.90 ksi
Cubic Interaction: 91%
Deflection 0.05 in. @ jacking load
Stiffness 16424 Kips/in

Section 2 includes a more detailed analysis of the jacking beam, including the stiffeners, flange
extension plates and welds.
1.3 Axial Deformation

We have computed the axial deformation of the pile and the tension rods, along with the flexural
and shear deformation of the jacking beam, in order to understand the stroke of the flat-jacks
required to load the piles to 800 Kips.
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Axial Shortening

AE Fuse Rods 461,225 k
AE center bar 116,000 k
AE conc 1,816,748 k
AE casing 1,081,886 k
AE conc in rock 1,369,416 k
Element Length (ft)  Deformation (in)
Jacking Beam 0.05 (flexural and shear deformation)
Fuse Rods 13.3 0.28 based on 160 inches required to accommodate 8 inches of settlement
Cased 235.6 0.75 includes fuse rod length in mat and above, minus the beam depth of 2 feet
Rock Socket 33.00 0.11 presuming load shedding through the rock socket (1/2 length effective)
SUM 1.13
1.4 Pile Response to Lateral Demands

The piles are designed to sustain a lateral deflection of 6 inches. At this deformation, we have
shown through LPILE analyses that a plastic hinge will form at the bottom of the mat, but that
another hinge will not form at depth. We have modeled the cased pile in XTRACT in order to

determine the moment-curvature behavior.

Section Details:

X Centroad: - L148E-3 in

T Cenromsl = 5533E-15 in
Section Area: 451.2 in"2

EI gross about X: | 34E+R kips=in™2
El gross nbout ¥ 1 34E+R kip-in™2
T trans {6 ksi) about X 30L2EE+S in"d

I trans (& ksi) about Y 30 ZEE+Y m4
Bernlorcing Bar Area: A0 "2
Fercent Longitedinal Stocl: EHAS S

Orverall Wadth: 2395 in

(Orverall Height: 2400 in
Mumber of Fibers; EW

Mumber of Bars: I

Murmber of Materials: i

Material Types and Names:

Confined Conerele: D B Kas

Strain Hardening Steel: . AR5 G BO
Strain Hardening Steel: W 25260
Comments:

Section Tyvpe: Enclosed Composite
Crutside Dianweter: 24.00 in

Stell Bhell Theckness: 0.5 1n
Cover Inclucing Shell; 10,875 in
Mumber of Longitadinal Bara: |
Longitudinal Bar Sire: #18
Calumn Core Concrete: & ksi
Longitudimal $teel: AGl3 Grid
Shell Steed: A252 Gr2
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Simpson Cumpert & Heger [ne.
XTRACT Analysis Report Si:m Guﬁm N H:i:'r .
Section Marne: 2Ax0.5 A2 Gir 2 l:ll”hiﬂu::uu
Loading Hame: 800 Retrafit Piles
Analysis Type:  Moment Curvature Page _of _
Section Details:
X Centroad: - L148E-2 in
Y Centroid- - 5535E-15 in
Section Area: 451.2 in"2
Loading Details:
Constant Load - P: ROO0 kips
Incrementing Loads: Mxx Cmly
Mumber of Poims: k1l
Analysis Strategy: Drisplacernent Control
Analysis Results:
Faaling Material: £ kst
Fuslure Siraim; LO0E-3 Compressian
Curvature af Initial Load: JAREES14 Vi
Curvature a1 First Yield: B4 33E-6 Lin
Ulrimate Curvarurs: 2561E-3 Lim
Moment ai First Yield: W34 kip-in
Uleimsate: Moment: 23 9EE+3 kip-in
Centrosd Strain at Yield- ZUTE-3 Comp
Centrosd Strain 2t Llamate; BIMSE-3 Ten
LAt First Yield: <2510 in
LA ot Liiimate: 3149 in
Energy per Lengih: 5078 kips
Effieetive Yield Carvanare: AS45E-3 Lim
Effective Yield Mament: 17.12E+3 kip-im
Crrer Strength Factor: LAan
Plastic Rotation Capacity; ST, 76E-3 rad
El Effective: LIIE+E kip-in“2
Yicld Bl Effective: ZRSIEHS kipein™2 i * ) * !
0.0000 0000 00020 0.0030
Bilinear Harding Slope: 2574 % Curvatures about the X-Ais - Lin
Curvature Ductility: 1658
== Mioment Carvanare Relation
Comments: =—+—  Aloment Curvature Biinearization
User Comments

The following plots from LIPILE show the behavior of the pile, with a flexural yield value of
16,700 Kip-inches.



ﬁ:u Results for 301 Mission_retrofit_pile_Group_86_EngeclB_to_rock.lp9d — | *
S Bending Moment. in-kips Shear Force, kips
Deflection, inches 10,000 o 10,000 -100 0 100
0 2 4 6
0 0 —————
0
1o 50 50
20 = =
30 = =
40 o 100 o 100
B0 (] O
80 150 150
]
80 200 200
.m0
=
£
=3 =
& 120 Mobilized Soil Reaction, p, Ibsfinch g 50000
130 2000  -1,000 0 1000 @ ©0000
140 o — = 70,000
f=
150 > 80000
180 = ] E 50,000
&=
170 = 2 40,000
180 E= =
190 o 100 = 30,000
O o
200 3 20000
210 150 10,000
220 0
230 200 0.0 50
240 Lateral Deflection y, inches

There is no plastic hinge formation at depth. The following extract from the LPILE output
indicates the behavior of the top of the pile:

Pile-head conditions are Displacement and Pile-head Rotation (Loading Type 5)

Displacement of pile head = 6.000000 inches
Rotation of pile head = 0.000E+00 radians
Axial load on pile head = 800000.0 lbs
Depth Deflect. Bending Shear Slope Total Bending Soil Res. Soil Spr. Distrib.
X v Moment Force S Stress Stiffness P Es*h Lat. Load
feet inches in-1bs los radians psi* in-1b"2 1b/inch 1b/inch lb/inch
0.00 6.0000 -1.67E+07 176115. 0.00 14073. 1.22E+410 -252.9034 606.9682 0.00
2.4000 5.4313 -1.17E+07 152649. -0.02127 10405. 1.11E+11 -308.4805 1636. 0.00
4.8000 4.7749 -6927471. 143070. -0.02369 6873. 1.11E+11 -356.669% 2151. 0.00
7.2000 4.0668 -2388491, 132231. -0.0248%0 3528. 1.11E+11 -396.0543 2805. 0.00
9.6000 3.3409 1836263. 120405. -0.02497 3121. 1.11E+11 -425.2175 3666. 0.00
12.0000 2.6287 5697348. 107907. -0.0238% 5966. 1.11E+11 =-442.6760 4850. 0.00

The slope change in the top increment is 0.0217 radians. Considering a hinge length equal to the
pile diameter (24 inches) leads to a curvature of 0.0217/24 = 0.001, clearly within the acceptable

range of curvatures indicated above.




2.

DETAILED ANALYSES OF JACKING BEAM
2.1

Model Description

Figure 2-1 shows a section view at the jack while as Figure 2-2 shows the jacking detail (both
adopted from our structural drawing: S502 Detail 1 and 2, respectively)
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Figure 2-1: Section at Jack
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Figure 2-2: Jacking Detail
In order to check adequacy of the jacking beam to resist the jack load, we conducted Finite
Element Analysis (FEA) using ABAQUS/CAE 6.14-1. The W24x207 beam, the 1 116 inch thick

extension plates, the % inch stiffener plates and the 7/16 inch fillet welds connecting the
stiffeners to the beam flanges and web were all explicitly modeled. Figure 2-3 shows Isometric

view of the model while as Figure 2-4 shows the side view of the model.
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Vertical Fillet Welds
Connecting Stiffeners to
Beam Web

e
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Horizontal Fillet Welds
Connecting Stiffeners to
Beam Flanges

Figure 2-4: Side View of the Jacking Beam Modeled in ABAQUS

Note that the extension plates were fully tied to the beam flange in FEA.

Following the recommendations by ANSI/AISC 360-10 (Commentary Chapter J, Section 10.8),
we stopped the welding at a distance 2 inch away from face of the beam flange for vertical welds
and face of the beam web for horizontal welds (2 inch and not 1.8125 inch was used for
simplicity and conservatism). This recommendation is to avoid contact with “k-area”. See Figure
2-5 and Figure 2-6.

Also the three interior stiffener plates were conservatively tapered straight from beam top flange

to the extension plate at the beam bottom flange.
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Figure 2-5: Recommended Placement of Stiffener Fillet Welds to Avoid Contact With “k-
area” (ANSI/AISC 360-10 (Commentary Chapter J, Section 10.8))

Figure 2-6: 2 inch Distance Modeled for Placement of Weld in FEA
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2.2 Material

Typical steel properties (E = 29,000 ksi and v = 0.3) were used in the model to describe elastic
material characteristics. Yield stress for the beam and plates was specified to be 50 ksi (ASTM
A992 for the beam, and ASTM A572 Gr. 50 for plates). Yield stress of 70 ksi was specified for

weld material.

2.3 Elements and Mesh Size

We built the model using solid elements. The element types were: C3D8R (An 8-node linear
brick, reduced integration, hourglass control). We used 0.4 inch mesh size.

24 Contact

Surface-to-surface contact (standard) was specified for the interaction between stiffener plates,
beam and weld.

2.5 Boundary Condition

Pinned support was modeled on the beam top flange (top surface) at 4 locations (where threaded

rods are). See Figure 2-7.
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Pinned Support

Figure 2-7: Boundary Condition

2.6 Loading

2.93 ksi upward pressure was applied to represent the flatjack load (on a 22 inch circular

surface). See Figure 2-8.
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Pressure Loading

Figure 2-8: Loading

2.7 Analyses and Results

Analysis was conducted in a force-controlled manner. Table 1 shows the reaction forces at the
four pinned supports. The values are very close and the flatjack load is evenly resisted by them.
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Table 1 — Reaction Results

Supports Vertical Reaction (kips)
BC1 280.0
BC 2 278.4
BC3 278.4
BC4 278.0

Figure 2-9 shows the stress contours on the beam. There was negligible amount of yielding
which was mainly localized and it was due to stress concentration around the weld or under the

pinned supports. The analysis therefore proved the adequacy of the beam, stiffeners and welds.

5, Mises
[Avig: 75%)

+7.000e+01
E +6.417e+01

+5.834e+01
+5.251e+01
+4.668e+01
+4.085e+01
+3.502e+01
+2.91%+01
+2.336e+01

+1.753e+01
+1.16%e+01
+5.864e+00

+3.388e-02

Figure 2-9: Stress Contours
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3. CONNECTION CALCULATIONS BETWEEN EXISTING AND NEW PILE CAP

SECTIONS
3.1 Bottom Reinforcement
SIMPSON GUMPERTZ & HEGER ‘
PROJECT NO. 147041.10-301S

Engineering of Structures

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

Design of Connection - New to Existing Pile Cap

Objective

The existing 10ft thick pile cap along the northwest edge of the foundation shall connect to a new concrete mat
extension. The concrete mat extension acts as a pile cap to 52 new piles supplementing the existing foundation.
Reinforcing in the concrete mat extension shall accommodate wind, seismic, service loads from the superstructure, in
addition to jacking loads targeting reducing reactions at adjacent piles. This calculation designs the reinforcing in new

pile cap along the northwest edges of the existing foundation and the connection between the existing and new concrete
mats.

Loads
Allloads generated in SAFE and PERFORM model.

References

ACI 318-14

California Building Code, 2016

Desimone Consulting Engineers, Structural Drawings: 301 Mission Street, Sheet: S2-0.B1-12 dated 03/15/2006.
Desimone Consulting Engineers, Structural Drawings: 301 Mission Street, Sheet: S2-0.B1-13 dated 08/16/2006.
Mattock et al. (1974)

Mattock (1976)

PEER TBI, May 2017

San Francisco Building Code

Simpson Gumpertz & Heger, 50% Design Development Drawings: 301 Mission Street Perimeter Pile Upgrade,
Sheets: S000 - S502, dated 08/01/18.

OCONDO A WN=

10. Simpson Gumpertz & Heger, Basis of Design - Voluntary Foundation Stabilization and Seismic Improvement
Project, dated 08/13/2018.
Simpson Gumpertz & Heger Inc. Page 1 of 34 2018-10-18 Design Verification between
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SIMPSON GUMPERTZ & HEGER ‘

Engineering of Structures
and Buiiding Enclosures

PROJECT NO. 147041.10-3018
DATE 10/01/2018

FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
INPUTS
Concrete compressive strength (new) f'ey := 7000psi
Concrete compressive strength (old) f'eo:= 7000psi
Unit weight of concrete Ye:= 145pct
Reinforcing steel yield strength (shear fyy := 60ksi ACI 318-14 Table 20.2.2.4.a fy maximum for "Shear
friction calculation) Friction"
Reinforcing steel yield strength fyp:= 75ksi ACI 318-14 Table 20.2.2.4.a fy maximum for "Shear
(flexure/axial) Friction"
Minimum clear .
cover Face of pile cap cCppi= 2in Bottom of (E) pile cap €Cpe i= 13in
Top of pile cap ccgp:= 2in Bottom of (N) pile cap cCpyi= 3in
NEW PILE DIMENSIONS
Spacing of new piles SPaypy i= 4.63ft Py = 4.76ft diagey = 26in
LOAD FACTOR - Table 21.2.1 ACI 318-14
Strength reduction factor (shear) &, := 0.75  Strength reduction factor (bearing) b= 0.65

Strength reduction factor (flexure) ¢ei= 0.90

MAT FOUNDATION DIMENSIONS

Full height of pile cap (new & existing) hy, = 10ft
Height of vertical mating face 1 hy:= 5ft+ 1lin
Height of vertical mating face 2 hy:= 4ft+ lin— 2ft = 2.1t
JACKING FORCE
Applied jacking force P,:= 800kip
Design jacking force Py:= 1200kip
o Py
Safety factor in design (SAFE loads are SFi=—=15
multiplied by this factor when assessing P,
shear demands on the pile cap
extension)
Simpson Gumpertz & Heger Inc. Page 2 of 34 2018-10-18 Design Verification between
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SIMPSON GUMPERTZ & HEGER >

Engi P PROJECT NO. 147041.10-301S
ineering o ctures

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

The moment demands used in this analysis come from SGH's SAFE analysis considering wind, seismic and service
loads.These are shown visually below.

The maximum moment and shear loads used to check the design of the pile cap extension are taken at the face of the
existing pile cap, as noted in the below figures. Each design strip on the west is 25ft wide, therefore to determine

maximum loads between the new piles (4.7ft c-c) the demands are scaled by 4.7ft/25ft. Each design strip on the north is
between 19-28ft wide, therefore to determine maximum loads between the new piles (4.9t c-c) the demands are scaled by
4 9ft/design strip width.

27676 kip*ft

25 FT,, TYP.

27414 kip*ft

27758 kip*ft

21892 kip*ft

Figure 1 - Maximum moment demands from SAFE analysis for design strips 1-6

Simpson Gumpertz & Heger Inc. Page 3 of 34 2018-10-18 Design Verification between
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ineering o ctures

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
*wind governed

| 14980 kip*ft | | 23810 kip*ft | | 30358 kip*ft || 22460 kip*ft || 16742 kip*ft |

(A 2:;
7 8 MIDN 9 10
19’ 19’ 28’ 19 19’
Figure 2 - Maximum moment demand from SAFE anlaysis for design strips 7 - 10
[ss20kip|  [7580kip| [3313kip| [3020kip |
J/
(o)
(0
&
7 8 MID N 9 10
19 19’ 28’ 19’ 19’
Figure 3 - Maximum shear demand from SAFE anlaysis for design strips 7 - 10
Simpson Gumpertz & Heger Inc. Page 4 of 34 2018-10-18 Design Verification between
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SIMPSON GUMPERTZ & HEGER '

PROJECT NO. 147041.10-301S
Engineering of Structures
and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

{7y (ea)p2)(07) (
AR Y

,Y._\_u K1)(2)

25 FT., TYP.

‘.‘()
3677 kip
*wind governed

3735 kip 3)

*wind governed ()
3611 kip

D

D

Qr)

Figure 4 - Maximum shear demands from SAFE analysis for design strips 1-6

Simpson Gumpertz & Heger Inc.

Page 5 of 34 2018-10-18 Design Verification between

-20 -



SIMPSON GUMPERTZ & HEGER '

PROJECT NO. 147041.10-301S
Engineering of Structures

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

The reinforcing areas in each of the 10 design strips are supplemented and extended into the new pile cap extension. The
moment and shear capacities, based on these reinforcing conditions are assessed below.
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Figure 5 - Design strip reinforcing in as-built pile cap (for design strips 1-6)
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Figure 6 - Design strip reinforcing in as-built pile cap (for design strips 7-10)
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LOADS FROM BUILDING

The below reactions are extracted from SAFE. They are the maximum design strip loads under seismic and wind
conditions

Shear Load (Desian Strips #1 - #10)

Moment Load (Design Strips #1 - #10)

SPaypw SPay W
zsss-ﬂ\ 27676 —— )
250t 2511
Spa N )
3840 By 2741, Ponow
25ft 531.2) 251t 5125.6 )
SPA 712.8 Py 5077.1
e 29193, Lo
v 25ft - 753.0 u " 251t e 5406.5 o
SAFEl = ip= i 2y = ip-ft = ip-ft
u_SAFE! — p 751.0 p u_SAFEI Paag p 5561.6 p
4055 30030.5-
251t 747.1 251t 4653.5
Py 747.7 ) Py 40544 )
4037 Paypw 25127. Panpw
256t 256t
SPanpw SPanpw
4037- 21892-
256t ) 258 )
N Spé
2950 Py | 14980- P
19ft 19ft
spe 739.1 spe 3752.9
5820, —F-nen ) 23810, —buen )
v 19t | 14581 | " 19t | ] 5965.0 -
SARRD = ip = 1 19 1= p-ft = 1p- it
u_SAFE2 P P 1382.8 p u_SAFE2 SPaupn ! 5582.6 P
8134 32839 —=
281t 898.1 ) 281t 5626.8
N S|
3545, b0 22460, 20mn
9 ) 19t )
0 0
0 531.2 0| 51256
1 712.8 1| 5077.1
2 753.0 2| 5406.5
3 751.0 3| 5561.6
Vo sare = stack(Vy_sarer. Vo sare2) = 4 747.7| ‘kKip My sape:= StaCk(Mu_SAFEI‘Mu_SAFEZ) =[ 4| 4653.5| ‘kipft
5| 747.7 5| 4054.4
6 739.1 6| 37529
7| 1458.1 7| 5965.0
8 1382.8 8 5582.6
9 898.1 9 5626.8

Simpson Gumpertz & Heger Inc.

-23-

Page 8 of 34

2018-10-18 Design Verification between




SIMPSON GUMPERTZ & HEGER ‘

Engineering of Structures
ond Building Enclosures DATE 10/01/2018

FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

PROJECT NO. 147041.10-3018

Moment arm inducing flexure in new arm,, := 6ft
pile cap section

From General Notes (Foundations) vV, = s[:(vu_S AH:.)

u

0
796.7
1069.3
1129.5
1126.5
1121.5| -kip
1121.5
1108.6
2187.1
2074.2
1347.2

Vo INan|h|WIN| =IO

1200
1200
1200
1200
1200 -kip
1200
1200

2187.1

2074.2

1347.2

The maximum envelope considering the Videsign =
factored SAFE shear demands and the milx{ Vop Pd)
factored jacking design force

V/ioIN[OD WA WIN|=|O

Vumax := max( Py, SE Vu_SAFE)

Vimax = 2187.1-kip

Simpson Gumpertz & Heger Inc. Page 9 of 34 2018-10-18 Design Verification between
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max( M sare ; Pe armm) 3
max( MquAFﬁl, Py annm) 0
max( Mu_SAFF.,)- Pd' annm) 0 7200.0
) 1| 7200.0
max(Mu_s,\m;, Py annm) o 000
max( My _sare » Po armm) 3| 7200.0
The maximum envelope considering the Mudesian := = 4| 7200.0|ftkip
sign ax( M o Py .
factored SAFE shear demands and the 'm"( u_SAFE > Fd d"“m)
factored jacking design force 5| 72000
max( My sare - Po am‘m) 6| 7200.0
max( Mu_SAFEf Py am‘m) 7 7200.0
8 | 7200.0
max(My_sars,. Pramin) | 7975000
max( Mu_SAFEo* Pd' "“mm) )
Mumax = maX(Mudesign)
Mymax = 7200 ft- kip
Simpson Gumpertz & Heger Inc. Page 10 of 34 2018-10-18 Design Verification between
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Vu_sari =

Zvu_SAFF.II

6-250t

Vu_sarE2 =

ZVu_SAFr;zz

(3-19ft + 28f1)

Zvu_SAFEII + zvu_SAFF.ZZ

5ft = 686.7 kip

3000
5850

7600 ‘
3320 )

kip

which is less than the 800kip applied
jacking force

-5ft=1162.9-kip  which is greater than the 800kip applied

6-25ft + 3.

191t + 28ft

jacking force

5ft = 858.9-kip Which is slightly greater than
the 800kip applied jacking
force, therefore "say OK"

Simpson Gumpertz & Heger Inc.
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Shear Curve

Maxrym
ahear fram SAFE

Figure 7 - Schematic of pile cap extension showing new piles and reinforcing connection to existing
concrete. Capacities are assessed at multiple sections along the length of the pile cap extension.
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10/01/2018
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-+ m—
.

7 ‘Shear Ke)

v
5

3 gt Shear Fric

. . Bearing

»

-
.

tion Plarie, -
Plane . .*%.
/ Region ™

Figure 2. Load path and resisting elements between existing and
new pile cap sections.
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1. SHEAR FRICTION CHECK

1.1 NOMINAL SHEAR FRICTION STRENGTH - ALTERNATIVE METHOD

The shear plane will run along the vertical construction joint between the new and existing concrete mat
foundations (see Figure 2).

The reinforcing that crosses the shear plane is utilized to resist shear forces

Top reinforcing area in Design Strips Bottom reinforcing area in Design Strips with added dowels reinforcing area

Existing top reinforcing Existing bottom reinforcing 'd" dimension Added dowels
hy — 14310 2_1,27,(2\ 1
4.836 ) 6.24) 6 )
v o hy, — 1.6ft 5
; i 12
hy, — 1.3ft 1~27‘(”“\‘
6.24 3.12 o 6)
hy, — 1.3t 12
4.68 ] 3.12 | m 3. 1.27,(_\0‘96
.y 78 lin” N 78 |- hy, — 1.6ft 6)
| 624 [ P68 [ " | by - 1370 3 1.27(1—2\-0.96
6.24 6.24 h,, — 1.43ft 6) \
12
6.24 6.24 hy, — 1.43ft 12 1‘27.(?) .
n
6.24 6.24 by, — L4311 Aut_new'= 3 =
6.24 ) 6.24 ) 2:127:| =
hy — 1431t ) 6)
2:1.27 E\
6)
12
4-1.27 —\-0‘94
6)
4-1.27 E\-0.94
6)
2-1.27: 12
i 6) |
**for 0.96 and 0.94 ratio

calculations for 3 dowel and 4
dowel connections, see below.

Simpson Gumpertz & Heger Inc.

-29.-

Page 14 of 34

2018-10-18 Design Verification between



SIMPSON GUMPERTZ & HEGER ‘

PROJECT NO. 147041.10-301S
Engineering of Structures

ond Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
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¢, i= 0.65 ACl Table 21.2.1
fura:= 80ksi
i)
Apip:= 1.27in

Voui= 0.6 £y, = 48 ksi

fy:= 60ksi
1513.9 )
Shear friction capacit 1342
West -
1446.8
Var 1= pagp [ by 0.6 (submatrix( Ay, 0,5, 0,0) ) fy + b, Vi submatrix( Ay, pews 0,5, 0,0)] = i
SPAupy = 461t 152
1318.9 )
Shear friction capacity
North 1556.4 )
22203
V2= spagpy [d),,.- 0.6 ( submatrix( Ay, 6,9,0, 0)) fov + by Vg suhmatrix( Auty_new: 6,9,0, 0)] = 22203 }kil
1556.4 )
0
0| 1513.9
1 1342
2| 1446.8
3 1446.8
Shear friction capacity in pile cap Phi Ve := stack( Vi, Vi) ={ 4 1342 -kip
extension
5| 1318.9
6 | 1556.4
7 2220.3
8| 22203
9| 1556.4
Simpson Gumpertz & Heger Inc. Page 15 of 34 2018-10-18 Design Verification between
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Demand-to-capacity ratio for
shear considering shear friction.

Hitti Profis Calculations

0
0.793
0.894
0.829
0.829
0.894

0.91
0.771
0.985
0.934
0.866

DCR := Vudesign il

. PhiVimax

WX (N[ h|WIN| =IO

For areas with 3 and 4 layers of shear dowels, the capacity is reduced and governed in some bars by concrete failure
rather than the capacity of the bar. Below are calculations for the interior bars. These capacities are added to the
exterior bar capacities and then applied as a ratio above.

Anchorage with spacing of 12 inches between bars.

1 Input data

Anchor type and diameter:
Effective embedment depth:
Material:

Evaluation Service Report:
Issued | Valid:

Proof:

Stand-off installation:
Profile:

Base material:

Installation:
Reinforcement:

Seismic loads (cat. C, D, E, or F)

Geometry [in.] & Loading [Ib, in.Ib]

Simpson Gumpertz & Heger Inc.

-31-

HIT-RE 500 V3 + Rebar A706 Gr.60 #10 E_
Pt = 12,000 in. (hype = = i)

ASTM A 706 Gr.60

ESR-3814

11172017 | 1172019

Design method ACI 318-08 / Chem

. plate thi not
no profile

cracked concrete, 7000, f." = 7,000 psi; h = 120.000 in.. Temp. shortiong: 32/32 *F
hammer drilled hole, Installation condition: Dry

lension: condition B, shear: condition B; no supplemental splitting reinforcemant present
edge reinforcement: >= No, 4 bar

no
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4 Shear load

Load V., [1b] Capacity § V., [Ib] Bv=Vi/eV.  Status

Steel Strength” 33,400 39624 85

Steel failure (with lever arm)* N/A N/A NA NA

Pryout Strength (Concrete Breakout 33,400 49,665 68 oK

Strength controls)*

Concrete edge failure in direction y+** 33,400 34,655 97 oK

* anchor having the highest loading  **anchor group (relevant anchors)
4.1 Steel Strength

Via = ESR value refer to ICC-ES ESR-3814
& Vst 2V AC| 318-08 Eq. (D-2)
Variables
Ay lin?) fies [051]
127 80,000
Calculations
Valt)
60,960
Results
V.. [b] [ 6 Vua l1b] Ve 0]
60,960 0.650 39,624 33,400
Anchorage Capacity for 1 and 2 layers with 12 inch edge distance on one side only.
1 Input data
Aretur lype one Sarveter WITAE 500 V3 + Rebar AT Or 98 F16 E—
Cfectes srtmcrrey duprt e * DO Py )
Manent ASTV A TOS Ge b0
Fohates Sermim Ragent FER
baend | Ve A7 | 1Ny
oot Dewyr mstbod AL 11800 ' Ovar
Gare ot ratd awn (Mecavrwrded gam feinem 2ol Cholded|
Pk e ol
Base s onhad conmrete. PO £ 5 D 000 s 3 120000 i Tewp shamiony 1083 5
Veriaier harvever deled bobe Fntafetun condien Ory
Marfacarwet Swrnkrr condton B stesr coreliien B ro wpphersenal gA8ng rerdrcaret rasen
woge reirdacaewy: >= NG & bar
Sewex ot cat C O E or ¥ ~
Geormatry 10 & Lasdng (B n &)

Simpson Gumpertz & Heger Inc. Page 17 of 34

-32-

2018-10-18 Design Verification between




SIMPSON GUMPERTZ & HEGER

Engineering of Structures

PROJECT NO. 147041.10-301S

4.1 Steel Strength

and Building Enclosures DATE 10/01/2018

FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

4 Shear load

Load V,, [Ib] Capacity $ V,, [Ib]  Utilization g, =V, /¢ V, Status

Steel Strength* 39,400 39,624 100 oK

Steel failure (with lever arm)* N/A N/A N/A N/A

Pryout Strength (Concrete Breakout 39,400 82,775 48 oK

Strength controls)**

Concrete edge failure in direction ** N/A N/A N/A N/A

* anchor having the highest loading **anchor group (relevant anchors)

Capacity Ratio for 3 Layers of Reinforcement
Full Capacity Reinforcement

Reduced Capacity

Ratio of Reduced to Full Capacity

Capacity Ratio for 4 Layers of Reinforcement
Full Capacity Reinforcement

V., =ESRvalue refer to ICC-ES ESR-3814
§ Vina 2 Via ACI 318-08 Eq. (D-2)
Variables
Ay lin] fsa [PSi)
127 80,000
Calculations
Ve [Ib]
60,960
Results
Ve i) § steel 6 Vaa [Ib] Via [1b]
60,960 0.650 39,624 39,400

Vi = 39.624kip-3 = 118.9kip
Vieds:= 34.655kip-1 + 39.624kip-2 = 113.9kip
v,
et 06
VEuns

Viana:= 39.624kip-4 = 158.5.kip

Reduced Capacity VReas:= 34.655kip-2 + 39.624kip-2 = 148.6 kip
Ratio of Reduced to Full Capacity _ VReas 0.94
4= = .
VEuiig
Simpson Gumpertz & Heger Inc. Page 18 of 34 2018-10-18 Design Verification between
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4. CHECK CAPACITY OF SHEAR RODS IN NEW PILE CAP EXTENSION

4.1 Shear demand along thickness of new pile cap extension

#11 reinforcing is used as shear reinforcing
FromACI 318-14 Section 11.5 governs shear strength provided by shear

reinforcment
HEADED SHEAR
REINFORCING
) i &il\\tif\\\\ a -~
EMBEDED I 2
JACKING . X\ |
ANCHOR ~ ™\ < w
RODS b ® R EXTERIOR
FACE OF
EXISTING
° ° PILE CAP
8ft
Vu\lcsigno \
1
Vudeslgnl Vudesign6 \
1 600 \ 1
Vudcsign2 600 Vudcsign_] 600 \
1 600 1 1093.5
Jacking force taken by shear headed Nitaadw=0:5 kip Veadn:= 0.5 = ki
X 4 sheadw P sheadn p
renforctng Vudeslgn} 600 Vudesignx 1037.1
] 600 i 673.6 )
600
Vu(lcsign " ) Vudcsignq
1 1)
VudesngnS
1)
Simpson Gumpertz & Heger Inc. Page 19 of 34 2018-10-18 Design Verification between
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Spacing of shear reinforcement _ 96in 18
along length of cantilever SPihead = Tomg = 10
"beam" between piles
Clear space between new pile casing SPAcirnp = SPAypy — didpey = 29.6-in
2-(1.41i i ] 2
Shear reinforcing area Ay = ZUany . 3.123in”
(considering two legs) 4 J
2:(1.41i )2 _] 2
Z( L. -+ 2
Agi= | 22T C 312340
4]
. . : i Avw f)'f .
Minimum spacing between dowels SPayin := 4 1.41in = 5.6:in SPayax = =158.5in

Length of "beam" section for shear

Minimum shear reinforcement
(AC19.6.3.3)

D dimension of the pile cap extension
(assuming the full depth of the beam
with tension reinforcement in the bottom
of the pile cap)

Shear strength from reinforcement
(ACI122.5.10.5.3)

50psi SPacimp

Ly,:= 8ft

I‘vr' SPayhead SOPSi' L\lr‘ SPayhead \ 2
Ayminw := Max| 0.75-,/ N P P =1.45in"
vminw ( p n ryf fyf }

Lyr Spaypead  S0psi- Ly spaypeqq P
N max(o.’/s.,fpsi.fc,,. - A s ]: 1.45-in”

fye fof
maximum spacing for stirrups
102.8 ) 51.4)
100.8 50.4
d bmatrin{dy, 0.5,0,0) = | o+ | Sy |32
Stz .= submatrix 5D Uy == m S| o= = m
sl " 104.4 s T 522
100.8 50.4
103.6 ) 51.8 )
102.8 )
. 1028 | 514
dya2 1= submatnx(dh, 6,9,0,0) = 1008 in datiis 514 |
: spa, = = in
1028 ) 2 514
514 )
1003.6
983.7
e - -
Oy A fyr dyga 1018.8
phiVy = Gl Ll ES LU 2 kip
SPypead 1018.8
983.7
1010.6 )

Simpson Gumpertz & Heger Inc.
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1003.6
e e e sy
A B (dgg 1003.6
Shear strength from reinforcement phiVy,:= M = kip
(ACI22.5.10.5.3) SPAyhead 1003.6
1003.6 )
Shear strength from concrete phiVe:=|{[ 1.9, { fen psi ... \Spaﬂmp'dsxal 1 $ 1
West (ACI 318-14 Table 22.5.5.1) >
2500psi puy 11 submatrix(Vygegign: 0,5.0,0) dyary |
submatrix(Mygesign: 0., 5. 0,0) ) ]
603.6 )
581.4
v 5864 |
iVe = i
PRV = g6 [ 7
581.4
571.2 )
Shear strength from concrete phiVia = | [ 1.9, { fen PSi ... \Spaclmp'dsmz' [ —I
North (ACI 318-14 Table 22.5.5.1)
2500psi- py, 1 submatrix( Vygesign: 6,9, 0,0} dgary |
+
submatrix( Mygesign: 6, 9. 0,0) ) ]
603.6 )
975.7
phiVep, = }kip
6332 )

phiVe; := stack(phiV;y, phiVe)

Shear strength from concrete
West (ACI 318-14 Table 22.5.5.1)

53131
516.8
, 5186 |
phiVe = Si6E kip
516.8

508.4 )

PhiVey, := [(1.9,[Fepsi + 2500psi py, 11 ) SPacty dycarr* v

Shear strength from concrete
North (ACI 318-14 Table 22.5.5.1)

phiVe, = [(\J feq psi + 2500psi: pw_l?_)‘ SP1mp dgar d’\]

Simpson Gumpertz & Heger Inc. Page 21 of 34
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359.6 )
- 263 |
PMVes = 4263 p
359.6 )
phiVe, = stack(phivczl ; phchzz)
667.6 )
654.4
Shear strength from concrete , - 677.8 | |
West (ACI 318-14 Table 22.5.5.1) PhiVes; := 3.5[F e st (sPaciup dyar b)) = W
654.4
672.3 )
667.6 )
Shear strength from concrete . . 667.6
North (ACI 318-14 Table 22.5.5.1) PhiVess = 3.5\ P s (sPaamy dyrz @) = |
667.6 )
190.8
187
Shear strength from concrete hiV. ft‘ i ( d ¢ ) 1935 ki
Ph1Veq) i= cn’ PSELSPcienp Ayra11 Pyv) = 1p
West (deep beams) 193.6
187
192.1 )
190.8
Shear strength from concrete . - 190.8 |
North (deep beams) phiVeg, := \/ fent PSI‘(Spaﬂmp‘ dygara ¢\') = 190.8 kip
190.8
Simpson Gumpertz & Heger Inc. Page 22 of 34 2018-10-18 Design Verification between
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Demand-to-capacity ratio for
shear considering concrete shear
capacity and steel shear reinforcing

Demand-to-capacity ratio for
shear considering concrete shear
capacity and steel shear reinforcing

phiV.:=

<

)
min{phivd 5 phchgz. phiVzy, phiVy )
min{phiVC,3, phivcls, phiV sy, phiVy, )
min{phiV‘.u, phiVea , phiVeay, phiV¢4|4)
min( phiV,, o phiVCZS, phiVesy, phiVey, )
min(phch,(’, PhiVia , phiViesa, phiVies )
mi..(phivd7. phiVea . phiVesa, phiVes

)
min{ phiVey ., phiVe . phiVess, phivmz)
)

min( phch,o, phiVL.go, phiVs;, phch“O} A

mi"(l’hivcl ; PhiVe , phiVesy, phiVey,

min{phchlq. phivczo. phiV s, phchMz }

vsheadw

DCR := =
submatrix(phiV_. 0,5,0,0) + phiVy, | | 0495

1 0
1 0| 190.8
1 187
3 2| 1936
3| 1936
=4 187| -kip
3 5| 1921
2, 6| 190.8
7| 190.8
: 8| 190.8
9| 190.8
0.502)
0.513
) | 0495
0.513
0.499
. (0502

Vsheadn

) | 0916

DCR := -
submatrix(phiV,, 6,9,0,0) + phiVy, | | 0.868

0.564 )

Simpson Gumpertz & Heger Inc.
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3. FLEXURE CAPACITY

3.1 NOMINAL FLEXURE STRENGTH OF BEAM SECTION

For the new concrete mat extension: the bottom reinforcing in the existing pile cap will be coupled to new
reinforcing that will extend into the new pile cap, this reinforcing will act in tension with the assumption that
the new slab acts as a cantilever section, bending upward with the reactions and jacking forces.

289
36.1
144 | »
Astor1 °= SPAnpy submatrix(Am,, 0.5,0, 0) = i in
36.1
217 )
8- l.56in2 \
12:5°)
2 2
10-1.56in 156 8- 1.56in ]2.5\
R 4‘I.56in2 62 | 2 & 8‘1.56in2 1235 |.%
sheadw -~ = n sheadn - = = m
Lisen | | 92 gisens | |19
15.6 12.5 )
2 )
10-1.56in 904 ) 8-1.56in" /
2
6-1.56in" )
16.4)
20.5
82 | 2
Agsw = Astorl =~ Asheadw = 82 mn
20.5
123 )
0
i 2
2. 1.56in 011
Asheud\\'_add = 5 A,\headn_mld = 0 n
2-1.56in~
0 0/
o )
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SIMPSON GUMPERTZ & HEGER ‘

Engineering of Structures
and Building Enclosures

PROJECT NO. 147041.10-3018
DATE 10/01/2018

FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
12.5)
15.6
62 |. 2
Asheud\\'_lo( = Agpeadw = 6.2 m
15.6
94 )
29.71
. 297 |. 2
Aston '= SPAypy submatnx(Avn,.6,‘),0,0) = S in
29.7 )
17.2')
172 | 2
As75n°= Agiom — Asheadn = 172 mn
17.2 )
125
125 | 2
Ashendn_lo( = Asheadn = 125 n
12.5)
D dimension of the pile cap extension dgap = dy
(assuming the full depth of the beam
with tension reinforcement in the bottom
of the pile cap)
0.05:( ', = 4000psi
Ratio of alc paipgy P ), ACI222243
1000psi
Depth. of gquwalent rec.tangularlsu'e_ss Agasw By Agzsii e \
block in pile cap extension considering ACl 222

only extended reinforcing

as5:= stack 3
0.85 T ¢y spagpy  0.85 ey Spagp,

Asheadw_lot‘ fyv Ashendn_tol‘ fyv \

0.85-F'ey Py 0.85F ey spayy, |

Apead = slack(

Simpson Gumpertz & Heger Inc.
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SIMPSON GUMPERTZ & HEGER ‘

PROJECT NO. 147041.10-301S
Engineering of Structures

ond Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
0 0
0| 3.7 0| 23
1| 47 1| 28
2| 1.9 2 1d
3] 19 3 b &
a5=| 4| 47| -in Aead =| 4| 2.8 *in
5 28 5 1.7
6| 3.8 6| 22
7| 3.8 7| 22
8| 3.8 8| 22
9| 3.8 9| 22
0 0
0| 53 0| 3.2
1| 6.6 1 4
2| 27 2| 16
: : azs 3 4 Apead 3 1.6
Distance fr0|:n gxtrerne compression fiber caasi=—=|4| 6.6 N Coheasi= 3 =4 4| -in
to neutral axis in pile cap extension B 5 2 1 5 54
6| 54 6| 3.1
7| 54 el  3:1
8| 54 8| 3.1
9| 54 9| 31
Net tensile strain in extreme layer of
longitudinal tension steel at nominal
strength 0 0
0 0.055 0| 0.09234
1| 0.04248 1| 0.07176
2| 0.11477 2 | 0.19058
m 3| 0.11477 m 3| 0.19058
&=~ =|4| 0.04248| &=~ = 4| 0.07176
Ce75 Cchead
5| 0.07488 5| 0.12502
6| 0.05382 6| 0.09502
7 | 0.05382 7 | 0.09502
8 | 0.05382 8 | 0.09502
9 | 0.05382 9| 0.09502
Simpson Gumpertz & Heger Inc. Page 26 of 34 2018-10-18 Design Verification between
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SIMPSON GUMPERTZ & HEGER ‘

PROJECT NO. 147041.10-301S
Engineering of Structures

ond Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
:)k(:g:s{gr?aoz?lcsge(:nr;eown?yﬂzxt’:ded A1y75 = subma!rix( azs,0,5,0, 0) aA1n75°= submatrix(a75. 6,9,0, 0)
reinforcing (ACI 22.2) A whead "= submatrix( Apeaas 0, 5,0, 0) Apphead = submatrix( Apeads 6, 9.0, 0)
phiM,, ;;:= [¢r Agrsw fyr (dmn - 31;75 }] + |:¢r Asheadw_tor fyv (dsm]l - am; o )}
phiM,, j2:= [¢r Agrsw fyr (dslalz = %]} + |:¢r Asheadn_tor fyv (dsxalz = aln;md }]
0
0| 15033.5
1| 18339.7
2 7691.4
3 7691.4
phiM,, ;:= stack(phiM“_l 1s phiM"_,z) =l 4 18339.7| -kip-ft
5| 11399.5
6| 15492.3
7 | 15492.3
8| 154923
9| 15492.3
0
0| 0.479
1| 0.393
2| 0936 SAY OK
M. |3] 093] sarok
. . DCR := il
Demand to capacity ratio for moment phiM, , | +| 0393
i 5| 0.632
6 | 0.465
7 | 0.465
8| 0.465
9| 0.465
Simpson Gumpertz & Heger Inc. Page 27 of 34 2018-10-18 Design Verification between
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SIMPSON GUMPERTZ & HEGER L

Engineering of Structures
and Buiiding Enclosures

FOR

MISSION STREET DEVELOPMENT PARTNERS, LLC

PROJECT NO. 147041.10-3018

SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP

DATE 10/01/2018
BY ERMcCarthy
CHECKEDBY  SEB

4. CHECK WHERE FLEXURE REINFORCEMENT CAN BE REDUCED

4.1 Assess whether using headed rods endi

at the matextension casingis sufficient

to resist moment demands. Headed rods are #11 reinforcii

target a maximum 0.8

DCR

At locations where the reinforcing is impeded by the pile casing, the reinforcing shall be replaced by headed dowels.

Diameter of mat extension casing

Thickness of mat extension casing

Maximum length of headed dowel at
mat extension casing (distance from
existing pile cap to center of pile is 4ft,
shear key length is 2ft, allow ~3in offset
to face of pile casing).

x

diagec;= 26in
thK ey := 1.5in
dia,
Lpg:= 4ft - —— + 2ft — 3in = 56-in

. v

MIT\E!

Distance to center line of new
pile

Required development length of headed
bars in tension

Distance from face of existing pile cap
to end of headed rod

Distance from face of existing pile cap
to start of development length

M. = -F(L-x)
L= 4ft
0.016 fy,- 1.41in
lgpi= ——— =162:in
N Fenrpsi
di
Ly:=L~- . B 3in=32in

x:= Ly = lgy=15.8in

ACI254.4.2

Simpson Gumpertz & Heger Inc.
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SIMPSON GUMPERTZ & HEGER ‘

Engineering of Structures

PROJECT NO. 147041.10-3018

ond Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
.
Therefore the headed rods can be if(ld,, < Ly, "ok", "ng") = "ok"
developed within the allowable length
between the existing pile cap and the
new pile casing 4826.8 \
4826.8
- 4826.8
Moment demand at start of development Massiin i = (L5l submatrix( M, desigiis 055,04 o) = kip- ft
length for headed reinforcing 4826.8
4826.8
4826.8
4826.8 )
(L-x) ) 4826.8 |
Mudesigl\_newn e % Smeatnx( Mudesigns 6,9,0, 0) = 4826.8 k]p' ft
4826.8
0.0015
N 0.0015
0.85-f, 2 Mygesi ; 0.0014
Required reinforcement to concrete area pyi= —— | 1= |1 - ook =
: f, 2 3 0.0014
ratio ot o7 SPanpw dyary - 0-85-F'¢y )
0.0015
0.0015 )
5 0.0014
— 0.85- fm { | 2: Mudesignfnewn 0.0014
iz ———— | 1= [1- =
fyr 2 = 0.0014
o br spagpyy a1 - 0.85- cn)
0.0014 )
84)
8.6
: : 3% |83 2
Required reinforcement from moment Asreqdw = (pw SPAnpw dygal )= in
demand 8.3
8.6
84 )
8.4
————3 84 | »
Asreqdu = (pn' SPaypn dyar2) = 8.4 n
84 )

Simpson Gumpertz & Heger Inc.
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SIMPSON GUMPERTZ & HEGER y

Engineering of Structures

PROJECT NO. 147041.10-301S

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
8.2279 )
8.0646
it : 0.0018. 60ksi 8.3527 2
Minimum required steel area Asminw:= ——————5 dggarn = in
sminw fy{ Panpw Gstall 8.3527
8.0646
8.2855 )
8.4589)
A 0.0018: 60ksi d 8.4589 | »
minn = 'S n Usta12 =
sminn ryf Panpn’ Astal2 8.4589
8.4589 )
Maximum allowable reinforcing spacing SPAwax, = | 12in- w\ =10.7-in
0.6fy; )

lt(m X(Asminw (] “L‘ld“()) < A\75“ + A\hud\\ lul ) "OK" "NG")\
‘f(m‘”‘(Aﬂmmw sreqdw I) < Aa75v\ + Asheadw _tot, J"OK", "NG") 0
lt(max(A\mmw , sn.qd\\ )< A>75v\ + A\hud“ _tot,? "OK", NG") 0 "OK"
1 IIOKII
|f(m x( smmw ’ sreqd\\3) <A \75\\" + Asllead\\'_lot." "OK", "NG") 2 "OK"
lf(ma"(Asmmv. ’ srl.qdw ) < A\?iv\ + A\hwdw lul ,"OK" "NG") 3 "OK"
Check that steel area Check; := womaey | T4 "OK"
requirements are 'f(m“x(Asmmw sreqd\\i) < As75“ + Asheadw _totg ."OK","NG ) 5 "OK"
met
lf(m X{A\mmn A\nqdn ,) < A\75n + Ashu&ln lol ”NG") 6 "OK"
o i i o " "
'f(m X{Asmmn A\reqdnl) < Aa75n + Asheadn lol ,"OK","NG ) / oK
8 IIOKII
if(m X(A\mmn Asreqdn ) < As7in + Agheadn._ 01, ."NG" ) 9 "OK"
ir(m‘lx{A<mmn »Aﬁreqdn ) < As75n + Asheadn lol ,"OK", "NG") )
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SIMPSON GUMPERTZ & HEGER ‘

Engineering of Structures
and Building Enclosures

FOR

MISSION STREET DEVELOPMENT PARTNERS, LLC

PROJECT NO. 147041.10-3018

SUBJECT DESIGN CALCULATIONS — CONNECTION BETWEEN NEW AND EXISTING PILE CAP

DATE 10/01/2018
BY ERMcCarthy
CHECKEDBY  SEB

The new area (ignoring added dowels) at
each design strip after interfering area is
removed - steel strength of dowels differs
from extended reinforcing, therefore
capacity from dowels is assessed
separately

Rectangular concrete stress block for
new reinforcing area (ignoring added
dowels)

Distance from center of concrete stress
block to center of tension reinforcing
(ignoring added dowels)

Simpson Gumpertz & Heger Inc.

- 46 -

Asprovw = As75w A Asheadw_add
164
20.5
113 |.2
A = in
SProvv 1.3
20.5
123 )
Asprovn = Ag7sn + Asheadn_add
17.2)
172 | 2
Asprovn = 172
17.2)
Asl\eadw_add‘ fy\‘ 0.6
a, adadd = — 0 =
whead_add 0.85- rm. Sp‘d,,pw 0.6
0
o)
0
A\hndn add’ f 0 s
a, ad 3 m
nhe.xdwadd 0.85- rm \Pdnpn 0
0)
Aywhead_add 0.8 |,
C ad add:= ————— = m
whead_add ﬁ ] 08
0
o)
0)
Aphead_add 0
Chhead_add*™= — = mn
ad_a B] 0
0)
Page 31 of 34
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PROJECT NO. 147041.10-301S

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS - CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB
Consider moment . A1w7s Awhead_add ]
demand based on phiMn_provw := | &y Aggsy fyt' dypann — 2 + | dp A.\'headw_udd' fyv' dgann = f _]
cantilever with point load -
demand <
ignorin led dow! 1
(ignoring add owels) Anhead_add \—I

(ACI22.2,ACI 21.2)

phiMn_provn:= I:d)f Agrsi fyf [dslan =

A1n75 -I
T} + [}bt‘ Asheadn_add'f ¢ (dslaIZ

) T2 )

phiMn_prov:= stack(phiMn_provw, phiMn_provn)

Mu(lesignAnew = S‘aCk(Mudexiganc\\'w- Mudesign_newn)

Mudesign_new

DCR := =
phiMn_prov

0.52

0.42

0.77

0.77

0.42

0.68

0.49

0.49

0.49

Wi (N[ojnn|h|WIN|=|O

0.49

Simpson Gumpertz & Heger Inc.
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SIMPSON GUMPERTZ & HEGER '

PROJECT NO. 147041.10-301S
Engineering of Structures

and Building Enclosures DATE 10/01/2018
FOR MISSION STREET DEVELOPMENT PARTNERS, LLC BY ERMcCarthy
SUBJECT DESIGN CALCULATIONS —~ CONNECTION BETWEEN NEW AND EXISTING PILE CAP CHECKED BY SEB

The following check determines the design to capacity ratios for the mat extension. The maximum shear demand
results from the Pile Jacking + Seismic Load Combination.

Shear Demand from SAFE Design Strip

mblhncn Ewbamalan

ViNorh := 335.72kip

Shear Demand from SAFE Design Strip

esl‘--— Eubmmnloaw)
Wes e = 328 7kip

Simpson Gumpertz & Heger Inc. Page 33 of 34 2018-10-18 Design Verification between
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Mat Extension Shear Capacity Calculation

by i= 8ft
1.56i

dppai= 120in — 12in - 22510 _ g o,

Deep Beam Shear Capacity Calculation Vo= [f ey psi- byt dpnae = 861.2-kip ACI 225

ACI21.2
dy:=0.75
DCR(d)V Ve max(quesn quor(h)) =(0.5 "OK")
Simpson Gumpertz & Heger Inc. Page 34 of 34 2018-10-18 Design Verification between
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3.2 Top Reinforcement

We designed the top reinforcement connecting the mat extension to the existing mat for MCE-

level demands from our Perform-3d model.

Design of the top reinforcement is governed by pile head moments due to displacement of the
tower towards the mat extension, coinciding with seismic uplift on the piles. We conservatively
calculated seismic uplift based on results of applying the 11 spectrally matched ENGEO ground
motions to the pinned-base PERFORM-3D model. For each rock pile, we determined the
minimum compression due to each of the 11 ground motions. The minimum mean compression

among the 52 rock piles is 521 Kip.

We assumed the new piles may unload by as much as 200 kip due to rebound. We therefore
designed the mat extension reinforcement for a conservative minimum long-term static axial load
of 600 Kip.

Po = Minimum long-term rock pile axial compression
= 600 kip
Peq = Pile uplift due to the MCE
= 800 kip — 521 kip
= 279 kip
Ppie = Governing pile axial demand
= Pp — Peq
= 321 kip (compression)

We designed for the expected yield moment of the rock piles. We used XTRACT, version 3.0.7

to compute the rock pile yield moment considering expected material strength properties.

Mpite Expected pile yield moment

35,000 kip-in.

Forces at the pile head induce moment on the mat extension. Tension in the top dowels resolves

the applied moment demands, as shown in Figure 3-1.
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Figure 3-1 — Mat Extension Forces for Top Reinforcement Design

e.v= 120in.-15in.-15in.-6in.

= 84 in.
e.h= 48 in.

P.pile = 521- 200
= 321 kip

M.pile= 35000 kip-in.

T.s= (M.pile - P.pile *e.h) /e.v

= 233 kip

-51 -

Take moments about the bottom rebar height
where pile shearis resolved

Offset of pile center from extension interface

Avg. minimum pile axial load

Pile moment capacity

Top dowel tension



Six #7 Gr. 60 bars between each new rock pile are adequate for the demands at the mat extension
interface. Calculations below verify this design and compute required embedment of the new
rebar based on the lap splice requirements of ACI 318-14 Chapter 25. Rebar development is
illustrated in Figure 3-2.

fiy= 69 ksi Expected steel yield strength
As= Ts/fy Required steel area
= 3.38 in*2
Abar=  0.60 in"2
n.bars 6
As= 3.6 in"2 Provided steel area

Available space = 55in.-24in.-1.5in.

= 295 in.
Bar Spacing = 5.9 in.
Lap Length Requirements
f.pc= 9.1 ksi Expected concrete compressive strength
New Bars
A= 1
P.t= 1 Top bar factor ({.t) not required for lap splice development
P.s= 1 of post-installed bar, per Section 3.1.14.1 of HILTI North
Y.e= 1 American Product Technical Guide , Volume 2, Edition 17.

db= 0875 in.
min cover = in.
Spacing = 590 in.
cb= 295 in.
K.tr= III in2
(c.b+K.tr)/d.b= 337 (use2.5)
Ld.7= (3/40) *(f.y/fpcr0.5) * [w.t * Y.s * P.e / (A * (c.b+K.tr) / d.b)] *d.b

19.0 in. (ACI 318-14 Eq. 25.4.2.3a)
Lst.7= 1.3*Ld.7
= 24.7  in.

Existing #11 Bars

d.b= 141 in. #11 bar diameter
L.dh.11= 0.02 * (fy / (fpc)*0.5) * d.b Hook development length for #11 bar yield strength
= 20.4  in. (ACI 318-14 Equation 25.4.3.1)

6in.+Ldh.11= 264 in.

-52 -



Development of the existing #11 hooked bars governs the required embedment of the new rebar.
Shop drawings show 2 in. clear cover to the existing mat reinforcement. The new epoxy rebar

should therefore be embedded a total length of 29 in. into the existing mat.

2in. 6in.
L.dh

cover 1 Max

— < -

» Existing #11

4

Figure 3-2 — Mat Extension Top Reinforcement Development
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4. PILE JACKING VAULT DESIGN CALCULATIONS

4.1 Calculations
PROJECT NO: 140741.00
SIMPSON GUMPERTZ & HEGER SUBJECT: Pile Jacking Vault Design DATE: 11/27/2018
G BY: SEB
Engineering of Struchuores CHECKED BY: LVH

ond Bulding Enclosures

Title: Jacking Vault Reinforced Concrete Design

References: ACI 318-14, 301 Mission Perimeter Pile Upgrade Design Drawings, ESR 3814 "Hilti HittRE
500 V3 Adhesive and Post-instadled Reinforcing Bar Connections in Cracked and Uncracked
Concrete, Geotechnical Evaluation for the Perimeter Pile Upgrade, Millennium Tower, City and
County of San Francisco, CA, by John Egan, GE, Slate Geotechnical Consultants, Inc., and Shannon &
Wilson, Inc., dated 10/31/18

Description: Reinforced concrete design of the jacking vault above the mat extension

Material Properties

Compressive Strength of Concrete f'c:= 4000psi

Yield Strength of Reinforcement fy 1= 60ksi

Unit Weight of Concrete Ye:= 150pct

Total Unit Weight of Backfill ~s:= 130pcf

Elastic Modulus of Concrete E:= 57000 E psi = 3.605 x 103~ ksi
From: John Egan <johnaegan13@gmail.com>

Sent: Monday, October 22, 2018 1:50 PM

To: Ronald O. Hamburger

Cc Lachezar Handzhiyski; Debra Murphy; Sara E. Barrett, Andrew C. Appelbaum
Subject: Re: FW: 2018-10-15 Pile Jacking Vault Surcharge pdf
Lachezar:

Based on weight and size of typical fire/emergency response vehicles that | found (2017 Fire
Apparatus Manufacturers Association (FAMA) guidelines), the largest average stress that | calculate
based on weight and vehicle footprint is about 240 psf, with aerial ladder trucks in the 150 to 175 psf
range. So, | think that the 2 feet * 130 pcf = 260 psf | recommended is adequate; however, if we want
to be a bit more conservative, we can go with 3 feet of equivalent fill,

John

2018-11-20 Jacking Vault Design.xmcd Simpson Gumpertz & Heger
Page 1 of 27 Saved: 11/26/2018 11:19 AM
Printed: 11/27/2018 11:10 AM
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PROJECT NO: 140741.00
SIMPSON GUMPERTZ & HEGER SUBJECT: Pile Jacking Vault Design DATE: 11/27/2018
BY: SEB
Engineerit T Struch C
mg B':]’d"“‘;“‘m":ﬂ:f* CHECKED BY: LVH
Vault Di
'l
Jackng beam
Oversize Casing —{:—- | 2 .
Threaded rod i
In PVC pipe
( (4) Total per ple
Width of Vault B, := 8ft
Top Slab Thickness ty:= 12in
Depth of Vault D, := 6ft
Side Wall Thickness ty:= 12in
Shear Wal Thickness ty:= 8in
Desi - Top Sl
o — -~
l .
mamg |
TN {1 Depth of Soil Above Vault
L (Conservatively assume 3' soil for
= | Fire Truck and Pedestrian Sidewalk
—-=F T - - R Live Load Surcharge)
i
{is dg:= 15.75ft — Dy + 3ft=12.75ft
[ i
| -
TR BACKFILL AND RESTORE LANDSCAPE
2018-11-20 Jacking Vault Design.xmcd Simpson Gumpertz & Heger
Page 2 of 27 Saved: 11/26/2018 11:19 AM

Printed: 11/27/2018 11:10 AM
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PROJECT NO: 140741.00
SIMPSON GUMPERTZ & HEGER SUBJECT: Pile Jacking Vault Design DATE: 11/27/2018
B SEB

Y:
Engineering of Slructur =
un:" anoincme? CHECKED BY: LVH

For the design of the slab, we used the manhole instance
to design the entire slab since this load results in the maximum
flexural demand.

We assumed the manhole is 3-0" in diameter and is centered in
the middle of the vault width. 3-0" of the adjacent slab resists the
loading from the adjacent slab areas around the manhole.

f B, f
SAP2000 load demand definitions:
Width of 2D Strip = X b:= 3ft by 5:= 18in
Weight of Soil on Vault Top Slab W= Yy dgeb = 4.973 ft-ksf Wps:= Yedgbys = 2486 kIf  wy + w5 = 7.459kIf
. A
S
o)
el
N
™~
/ [ )
Seff-weight of Top Slab wai= (b + bys)t; = 675plf
N
S
7
2018-11-20 Jacking Vault Design.xmcd Simpson Gumpertz & Heger
Page 3 of 27 Saved: 11/26/2018 11:19 AM

Printed: 11/27/2018 11:10 AM
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PROJECT NO: 140741.00
SIMPSON GUMPERTZ & HEGER SUBJECT: Pile Jacking Vault Design ~ DATE: 11/27/2018

Engineering of Sruchurres CL:ECKED BY: LSVE'E
ond Bulding Enclosures >
X Losd Combination Data x

Lowd Combsrason Name (User-anevated; Fi 201 0

Veras Veafy e havs.

Lset Covematon Vype Lnesr A0 -

Optore
Detre Contanaties of Leas Cass Ranst
Loo) Cane Marwe Laat Case Trpe Scaw Foatar
2L weGHT L atc 13 ]
- '
| SO Ly Stase 1% 4
Vasey
Dewse
=] ==
Moment and Shear Diagram from SAP2000
KESULEIIL Sieal

Shear V2
-33.454 Kip
at 10.500 in

Dacibant Mamant

Visub:= 33.5kip

936.71

Muslz\b = 936.71 kip‘ in

2018-11-20 Jacking Vault Design.xmcd Simpson Gumpertz & Heger
Page 4 of 27 Saved: 11/26/2018 11:19 AM
Printed: 11/27/2018 11:10 AM
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SIMPSON GUMPERTZ & HEGER F SUBJECT: Pile Jacking Vault Design

Engineering of Slruchures
ond Bulding Enclosures

PROJECT NO: 140741.00

DATE: 11/27/2018
BY: SEB
CHECKED BY: LVH

Design Longitudinal Reinforcement per Span Adjacent to Manhole
by 5= 2.5ft
Wes:= Yydgbys = 4.144-kIf
Wa25:= Yebasty = 375-plf
Wyalk2.5 = Ve ba s 3in = 93.75-plf

q25:= Qg by 5 = 500-plf

MCE Lateral Loads assume a 3.25 in. ground displacement

Reaction at Top of Wall for MCE pw1:= 1.59ksf

Pressure at Bottom of Wall Pw2:= 2.63ksf

]

Lj:= 3.0ft
2
Moment for strip on either side ['-2'(Wwa1kz.s +wips) + 1.6 (wes + qu.S):]'LS .
Sfiarkiol Mutong = 3 = 107.9-kip-in
1.2 Wyaio s + W, + 1.6(wos+ qos) | L
Shasteass Vu|ongi= [ ( walk2.5 d2.5] - ( $2.5 Q.z.s)] 3 =5
Desian Loads - Vertical Wall
Lateral Wal Pressure
Depth Below Level 1 for Top of Wall dgp = 9.75ft
Depth Below Level 1 for Bottom of Wall dg:= dg; + Dy = 15.75ft

Slate Geotechnical Consultants,
Inc. and Shannon & Wilson, Inc.
Report.

2018-11-20 Jacking Vault Design.xmcd
Page 5 of 27
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PROJECT NO: 140741.00

SIMPSON GUMPERTZ & HEGER > SUBJECT: Pile Jacking Vault Design DATE: 11/27/2018
SEB

Engineering of Siruchures ELECKED BY: LVH

ond Bulding Enclosures

A
,—”ﬂﬁ P | 637 L 1
| A
l 7.50
K
| A
A 10§
2134!_ ‘ >
Distributed Loading Factored Moment Diagram Joint Reaction
(Kif) (kip*ft) (kip)
resuiane Sneal
Shear V2
5.904 Kip
at9.250 in

Factored Shear Diagram

(kip)
Factored Moment Demand MuwneG i= 99.4kip-in Muwpos := 47.5kip-in
Factored Shear Demand For Wall Vuw:= 5.9ip

Unfactored Reaction at Top of Shear Wall Wg:= 6.37 %
t

Factored Shear Demand at Wall/ Mat

Extension Connection VuBottom = 7.7kip

Factored Shear Demand at Wall to Slab Vutop:= 6.37kip

Connection
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We determined the number of shear

S COMMENTARY

walls needed within the vault based

on limiting the slab deflection below RS.4.1.8 For manalithic or fully compesste constraction,
0.1 inches Imposed onthe e)astlng the beams mclude poetions of the shab as fanges. Two exam-

ples of the rule are provided in Fig. R§4.1.8

foundation wall. We used the
composite section described in

ACI84.18
Fig. R4 18— Examples of the poetion of stab to be inchuded
with the becwe under 8.4.1 8
. 1620 f
Spacing of Shear Wals taane max( 620 1 ;‘) =555

Consider the vault wall and the basement
wall as a "flange" for stiffness calculation =

by:=t; = 1ft
h¢ gw:= 14in

hf_VW:= ty=1ft
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Flange of Vault Wall to consider by yw = 4-he vy = 48in ACIR8.4.1.8
Flange of Basement Wallto Consider bs pwi= mi'{bw + 2'(Dv - t,), by + S‘hr_a\v] =103 ft ACIR8.4.1.8
3
tr(By = 1) 5
T % =2371x 10%in"  Ayegi= tr(B, - ) =78
B, ~t
Vaeh 1= g + =456
Bt 2
2 —_ X =
KW 2 sotax 105dnT OV SN
12
5
Yyw = ; =0.51t
S
Tgwi= ﬁ% =2224x 10%in*  Agwi= hy gw by pw = 12,056 >
hy gw
Yaw:= By + 5

Ayeb + Ayw: + A
i web’ Yweb VW YVW BW YBW —713in from vault wal

Ayeb + Ayw + Ay

L= (Lyep + Iyw + Tpw) + [Avw‘(y = )'vw)2 + Ager (v - YWeb)z + Agw (vaw - Y)z] =430

Limiing the deflection of the span B Lepe E=3.605% 10°psi
to less than 0.1 in. A= ——————— = 0.083in
384-0.5E1
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Flexural Resistance Factor

Reinforced rete

Shear Resistance Factor

Normal Weight Concrete

Top Slab

Diameter and Area of No. 4 bar
Diameter and Area of No. 5 bar
Diameter and Area of No. 6 bar
Diameter and Area of No. 7 bar
Diameter and Area of No. 8 bar

Diameter and Area of No. 11 bar

Distance from the extreme
compression fiber to the center of
bottom reinforcement steel

Flexural Capacity of Bottom Reinf.

Flexural Design to Capacity Ratio

Shear Capacity

Shear Design to Capacity Ratio

city Calculati

¢:=09

¢y = 0.75
A= 1.0
dpq:= 0.5in
dys:= 0.625in
dpg:= 0.75in
dp7:= 0.875in
dpg = 1.0in
dypp:= 1.41in

d
. . lin——;’3 =10.5in

Ayi= (Aps) 3 =237in

Acty

a:= ——— = 1.162:in
0.85f:b

ACI21.2
ACI21.2

Apyi= ()<2in2
Apsi= 0.31in>
2
Apg:= 0.44in
2
Ap7:= 0.6in
D= 07950
2
Ap11:= 1.56in

Area of Bottom Flexural Transverse

Reinforcement

a Xiws
My _posi= As-fy'(d - 5): 1.4 x 107-kip-in

DCR( ¢ My, pos Mysiap) = (0.74 "OK" )

_ 11.14in
w_eff - — 12i

-b=2785ft

Vei= 2 )\"’fc' psi-by, o d = 44.39-kip

DCR[d)\(Vc)» VuSlab] =(1.01

"NG")

ACI222

ACI22.5
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Deflection Check 3
g DN gasd?
slab-— 12 =0.251
4
5-(w)-B
A= N 0.049 in

384-E-I,, 0.5

Longitudinal Reinforcement Check

d
&ty L= g = —= =750

a
Ii
I
_N
5
I
Y T
a
=
*
I
S
I
o
[
n
=

Agrfy

=——2  -0235in ACI22.2
0.85-F by s

apl

a
Mo tongi= Asr fy (dl " El) = 231.2kip-in

DCR( ¢ My, 1one: Mytong) = (0.52 "OK" )

ACI225
Vai=2 )v.ff‘c- psi-by 5-d'y = 35.1-kip
DCR[ b+ (Ver): Vutong| = (046 "OK" )
i " 12int;-0.0018 ’
Minimum Reinforcement needed Apin:= ———— =0.13in per foot of slab
for each face -
Longitudinal Bars will be No. 5 @ 12 in.
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Vault Wall
Agi= Ags <0510

o dps ; o dps .
dyngG:= ta = lin— 7 =10.688in  dypos:= t = 1.5in - 5 =10.187-in

byian:= 12in

A fy
_ swly — 0456 in ACI 222
0.85-Fcbyiom

ag?
ay ) .
MuwneG = Agw fy| dwnec — ?)= 194.5 kip-in

Mwpos = A fy (dwm - %): 185.2-kip-in

DCR( ¢ Myynec: Muwneg) = (057 "OK")

DCR( ¢ Myypos. Mywpos) = (0.28 "OK" )

Vew = 2N fFepsi byiomn dwpos = 15.46 kip ACI215
DCR[ ¢ Vew)s V] = (0.51 "OK" )

t0.0018 inZ
2 _ |3 mn

Aminhmg:= T =L T

Longitudinal Bars will be minimum No.4 @ 12 in.
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Epoxy Anc hor Shear Check

1. Connection Between the Slab and Foundation Wal -No. 6 bars T & B spliced with slab reinf.

Shear Demand per foot for each anchor Vustab ~5.583x 10° ok
2:3ft ft
1 Input data
Anchor type and diameter: HIT-RE 500 V3 + Rebar A706 Gr.60 #6 &*
Effective embedment depth- Putaq = 8.000in. (ygpy =~ in.)
Material ASTM A 706 Gr 60
Evaluation Servica Report: ESR-3814
Issued | Valid: 11112017 | 11112019
Proot. Design method AC! 318-08 / Chem
Stand-off mnstallation: -0 plate not
Profile; no profle
Base malerial cracked concrete, 5000, I.' = 5,000 psi; h = 14.000 in., Temp. shortflong. 32/32 “F
Installation: hammer drilled hole, Installation condition: Dry
Reinforcement: tansion: B. shear: dition A; no spitting presant
edge reinforcement. >= No. 4 bar
Seismic loads (cat. C,D.E, or F) no
Goometry [in.] & Loading [Ib, in.ib]
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2 Load case/Resulting anchor forces
Load case: Design loads

Anchor reactions [Ib]
Tension force: (+Tension, -Compression)
Anchor Tension force  Shear force  Shear force x  Shear force y
1 0 5777 0 5,777

max. concrete compressive strain: [%a)
max. concrete compressive stress: [psi]
resulting tension force in (x/y)=(0.000/0.000): 0 [Ib]
resulting compression force in (x/y)=(0.000/0.000): 0 [ib]

4 Shear load

Steel Strength* 5777 13.728
Steel failure (with lever am)* NA NIA NA NIA

Pryout Strength (Concrete Breakout 5777 231 25 OK
Strength controls)**

Concrete edge failure in direction y-** 5777 13,857 42 OK
* anchor having the highest loading **anchor group (relevant anchors)
4.1 Steel Strength

V.. =ESRvalue refer to ICC-ES ESR-3814
¢ Vs 2Vyy ACI 318-08 Eq. (D-2)

Load V,,, [Ib] Capacity § V,, [Ib] _ Utilization g, = V,/pV,  Status
43

Variables

Asvlin? fua [pSI]
0.44 80,000

Calculations
Ve, [Ib]
21,120

Results

Vs [1b) $ stou 4 Vaa [1b] Via [Ib]
21,120 0.650 13.728 5777
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4.2 Pryout Strength (C: Break Strength )
Vo ko [(RE)vanvenvant] ACI 318.08 Eg. (0-30)
¢ Va2V AC1318-08 Eq. (D-2)
Ay see ACI 31808, Part D.5.2.1, Fig. RD.5.2.1(b)
Ao =90 ACI 318-08 Eq. (D-6)
1
A
Veen = 2e~)s 10 ACI 318-08 Eq. (D-9)
(1 + m
C, me
Ven=07+03 (735,—")51.0 AC) 318-08 Eq. (D-11)
= Camin 1.50
— MAX( e )s1.o AC1 318-08 Eq. (D-13)
No  =ka VL h ACI 31808 Eq. (D-7)
Variables
K he (in] €cin fin] 2 [in] Co.me [in]
2 6.000 0.000 0.000 8.250
¥en Cac [In] ke i 1. psi)
1.000 10.407 7 1 5,000
Calculations
A [in?] Ao [in.7] W octh W ec2N Y ean VN N, [ib]
310.50 324.00 1.000 1,000 0.975 1.000 17,667
Results
Veg [Ib] § concrate & Ve [Ib) Vi [ib)
33,015 0.700 23111 5.777

4.3 Concrete edge failure in direction y-

Vs “(%)v.-v':vu’a.vv.uuvv- AC| 318-08 Eq. (D-21)
§ Va2 Vi ACI 318-08 Eq. (D-2)
A see ACI 318-08, Part D.6.2.1, Fig. RD.6.2.1(b)
Ao =450 ACI 318-08 Eq. (D-23)
1
Veev = (“ z._)sw ACI 318-08 Eq. (0-26)
30y
Weay =07+ 0.3(1%;:) <10 ACI 318-08 Eq. (D-28)
g \)1—%: 10 ACI 318-08 Eq. (D-29)
=(7 (L) &) et ACI 318-08 Eq. (D-24
v =(7(3) E)n el a. (0-24)
Variables
i) cus fin) o (n) Yo hafin]
8250 : 0.000 1.200 14.000
L [in] A d, [in] f. [psi] ¥ prately.
5.000 7,000 0.750 5,000 1.000
Calculations
Ay [inf] Avea [in?] Wy Vv Vi Vs (1]
306.28 306.28 1.000 1.000 1.000 15,396
Results
Vi [1b] $ concrate ¢ Ve [1b] Via [1b]
18475 0.750 13.857 5777
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2. Shear Friction Check between Vault Wall and Mat Extension
;s ACl21.2
¢, := 0.65
fuai= 80ksi
Vai= 0.6 f,, = 48-ksi
Vii= (Vs Aps + Vg Apg) = 43.7:kip ACI17.5
DCR( ¢ V. Vugortom) = (0271 "OK" )
3. Shear Friction Check between Vault Wall and Vault Slab
DCR( ¢ Vi Vyrop) = (0.224 "OK" )
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Chord Force Calculation

Unfactored Distributed Load
from Seismic LEP

Reinforcement Ratio of No. 6 at 12 in.

Wi = 6.37-KIf
Ly := 54ft
den = 8ft
ji= 085
wg: L
My = Rg“h =28x 10%kipin
M
Cpi= —= = 341.5kip
J'dch
wg: L,
V1= % = 172-kip

Ascn = Apirr7=10.92 02

¢:= 09
Toi= 0.6 Ay fy = 393.12-kip ACI 224

DCR(; T, Cy) = (0.97 "OK" )

9
0.44in
d- 12in

Vipi= (2\[Fepsi+ pfy)110.9dy, = 34838 kip  ACI12533

=3492% 107 2

Pri=

DCR( &y Viip, Vey) = (0.658 "OK" )
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Effective embedment depth:
Material-

Evaluation Service Report:
Issued | Valid:

Proof:

Stand-off installation:
Profile:

Base material:

Installation:
Reinforcement:

Seismic loads (cal. C. D, E, or )

Geometry [in] & Loading (b, in.Ib]

Pits = 6.000 In. (Nyppn = - 0}

ASTM A 706 Gr 0

ESR-3814

1/1/2017 | 1/1/2019

Design method AC| 318-08 / Chem

- (R plate not cal
no profile

Shear Force into the Post-Installed Ven
Cohriection . = 1.593kIf
ch
1 Input data
Anchor type and diameter: HIT-RE 500 V3 + Rebar A706 Gr.60 #6 2—

cracked concrete, 5000, (' = 5,000 psi; h = 14,000 in., Temp. shortlong: 32/32 °F

hammer drilled hole, Installation condition: Dry

tension: B. shear: ion B, no spliting
edge reinforcement: >= No. 4 bar
no

b4

present

-70 -
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4.1 Steel Strength

Ve = ESR value
¢ Vitow 2 Vi

Metal Deck Selection Calculations

above the metal deck.
Try PLW3, Gauge 18
Self-weight of metal deck with

4.5 inches of concrete above the
metal deck.

Additional Weight of 7.5 inches of conc.

Determine equivalent length of span for
the additional weight

shoring.

PROJECT NO: 140741.00
SIMPSON GUMPERTZ & HEGER SUBJECT: Pile Jacking Vault Design DATE: 11/27/2018
BY: SEB
Engineerit f Struchure: i
oncl GG Enclonnes CHECKED BY: |LVH
4 Shear load
Load V,, [1b] Capacity § V, [Ib]  Utilization g, = V,,/$ V., Status
Steel Strength* 1,620 13,728 12 OK
Steel failure (with lever arm)* NIA NA N/A NIA
Pryout Strength (Concrete Breakout 1,620 24734 7 OK
Strength controls)™
Concrete odge fallure in direction y+** 1,620 20,008 9 OK
* anchor having the highest loading **anchor group (relevant anchors)

refer to ICC-ES ESR-3814
ACI 318-08 Eq. (D-2)

Ametal deck will be the formwork for the vault slab. For constructability, the metal slab will be leftin place. The
following check determined what the allowable clear span for the deck was acceptable considering the extra 7.5 in.

VERCO Metal Deck

Catalog

WpLws = 72.5psf

tygar:= t; — 4.5in=7.5in

W7 5Conc = taddr 145pcf = 90.625- psf

WpLW3 + W7.5Cone

Ratio =225

WpLW3

Logai= J( B, - tz)z‘Ratio = 1051t

For Gauge 18, the Maximum Unshored Clear Span is 11'-0". Therefore, the gauge is acceptable fore use without

-71-
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Metal Deck Connection Design for Exterior wall connection

) ™ - Angle = L8x4
- = Anchor = 3/4"
N -

Yield Strength of the Angle
Modulus of Elasticity of Steel
Plastic Modulus of Double Angle

Section Modulus
for double angle

Height of Angle

Thickness of Angle

Uniform weight with 7.5 in. of
additional concrete

Deck dead load distributed load

Anchor System Load

/
'

Fy,:= 36ksi
E; = 29000ksi
Z:= 7in3
S, 391’
Zyyi= 3.5in3
S,.:= 1.96in°
b,:= 4in
t:= 0.5in
Py = 0.9

Weck '= Wprws + tyaar 145pef = 163.1-psf

(Waeer)-(By = ta)

Wpi= ———-i—-— = 570.9-plf

wyxg:= 19.6plf

P:= wp + wgyg = 590.5 plf

AISC Table 1-7

Verco Catalogue

AISC Table 1-7
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ohil BUANG Bclobnes CHECKED BY: LVH
Anchor type and dismeter: Hex Head ASTM F 1554 GR. 36 314 [ ]
Effective embedment depth: hy=4.000in.
Material: ASTMF 1554
Proof: Design method ACI 318-08 / CIP
Stand-off installation: @, = 0.000 in. (no stand-off); t = 0.500 in,
Anchor plate: 1ox 1, x 1= 12,000 in. x 8.000 in. x 0.500 in.; ( plate not
Profile: Round bars (AISC); (L x W x T) = 0,063 in, x 0,063 in. x 0,000 in.
Base material: cracked concrete, 4000, 1," = 4,000 psi; h = 12.000 in.
Reinforcement: tension: condition B, shear condition B;

edge reinforcoment. none or < No. 4 bar
Seismic loads (cat. C, D, E, or F) no
Geometry [in.] & Loading [Ib, in.Ib]

Tepint dats and resuts e ‘Haasiileyt
PROFIS Anchor | © 1 20032009 Hin AG FL.S4%4 Schaan  Hit = a easterad Trademark of Hitl AG. Schaan
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4 Shear load

Load V,, [Ib] Capacity § V,, [Ib]  Utilization g, = V,./§ V,, Status
Steel Strength® 295 7,555 4 OK
Steel failure (with lever arm)* N/A NIA N/A N/A
Pryout Strength** 591 22,667 3 OK
Concrete edge failure in direction ** NA N/A N/A N/A

* anchor having the highest loading *“anchor group (relevant anchors)

Weld connection between the studs and the angle

3
Dy :=:—in
LT
F70.w 1= 70ksi
dga:= 0.75in

Circumference of each stud C,:= ™Dy = 0.58%in

Pyi= 075

Vertical Shear Calculation Ryw:i= 0.6 Fgyg., 0.707- D C, = 3.28 kip

DCR(cbw-R,,_“.. 2 ]22'" ) =(0.12 "OK")

-74 -
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Angle Leg Check
Distributed load at angle for plastic T .-
hinge calculation Wieg ™= . VD
2
Wieg' b,
Mg = ""2 L - 1142 kipin
12in1> 12in >
Flexural Check of Ziog'= ‘:“ =075 in° Stegi= ':' =075 in°
Myieg = Fyi Zjey = 27-kip-in

Myjeq = 1.6Fy Sieg = 43.2-kip-in

DCR( s min(Mpjeg Myjeg). Myieg) = (0.05 "OK" )
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Metal Deck Connection Design for Interior wall connection

1 Input data
Anchor type and diameter: HIT-RE 500 V3 + HIS-RN 88 12 T
Effectve smbedment depth Ny “4.821 00 N, =492110

Mazanat ASTM F A 193 Grade BUM SS

Evalvaton Service Report ESR-3814

Issued | Valid- 11207 | 112019

Proot Deesign mwthod ACI 318-08 / Chem

Stand-off instalston: « (Recommended plate thickness: not calautated)

Profie: 00 profis

Base matens: cracked concrete, 4000, 1, = 4.000 psc h = 14.000 in, Temp. shartlong: 32/32 °F

Installation: hammer drilled hole, Installation condition: Dry

Reirforcetment. fension; conditon B, shear. condition B, no supplementsl spitting reinforcement prasent
@004 renforcemant: >= No, 4 bar

Seismic loads (<ot C, D, E, or F) "o

Geometry (in.] & Loading [1b, in.ib)

-76 -
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4 Shear load
Load V., [Ib] Capacity ¢ V, [Ib] _ Utilization f, = V.4 V,, Status
Steel Strength* 591 5619 1 OK
Steel failure (with lever arm)* N/A NA NA N/A
Pryout Strength (Bond Strength 591 13,495 5 OK
controls)™*
Concrete edge failure in direction ** N/A N/A N/A N/A
* anchor having the highest loading **anchor group (relevant anchors)
Angle Leg Check for Bolt Hole Shear
Load per Anchor P = 590.5 plf
» 1], .

dpgle:= 0.5in + gln =0.625in

t=0.5in

L.:= 2.1875in

F,:= 58ksi

Ryangte == min( 1.2 Lst-Fy, 2.4-d-tF,) = 76.1-kip

Py = 0.75

DCR( by Ryangie P-12in) = (0.01 "OK" )
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N t r extended a

€

1l HIHHU
i
| K

Shear

-.lfl..

‘M,

Moment of Inertia for Double
Angle 4x4x1/2

Deflection of the Angle for
deck dead loads

Moment for Single Angle

Moment for double angle region

Reaction at the exterior vault wall

Reaction at the continuous single angle
Flexural Capacity of Single Angle

DCR of single angle at continuous
section

for the cha

| deck

The extended angle has a fixed end condition as follows:

Ro=Vy oo e e =¥
Ry =V, =5‘T"‘
¥ =R, - wx
s e sms prame v o3s 28 1 ="’§
M,[nx=§()..,.,....“=% 2

Ligg:= llin4
Wy = 2-12.8plf
4
wp By =t
A= M = 0.04-in
185-Tyxq Eg

14 (wp + war)-(By - o)

Myangle = - = 61.4-kip-in
2
1.4 9wy (B, =t

Mubangie = % = 33-kip-in

s

8
1.45 (B,

Rye 14500t v} (Bt Kip

- 8

Mpai= 1.5 Zy¢ Fy, = 189-kip-in

AISC F10.1

CR( by Mya. MuAngle) =(0.361 "OK")
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angle limit

Flexural plastic capacity of
double angle limit

Shear Modulus of Elasticity of Steel

Lateral-Torsional Buckling

Shear Check of Single Extended Angle

M, := Z Fy, = 252-kip-in

DCR(d)b mir(Mpv Mya)! MuDAngle) =(0.16 "OK")

Mpax = MuAngle
Iyi=Tgny

4
Jaxa:= 0.322in

b, L
Bi= -23 (—"\ 2
76t )| Taxa

=-0.64

Gg = 11200ksi

M= “—MG‘J“’“‘(B 31 % B2> = 694.143-kip-in

1t

¢\'A:= 0.9
ky:i= 1.2
ky Eq

2o |—=1

L o
Therefore, Cv=1

Cyi=1

Ay= byt

Voai= 06 Fyy Ay Cy = 43.2:kip

DCR( d)vA" VnA‘ Rl) =(0.094 "OK")
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Flexural yield capacity of double My, := 1.6S, Fy, = 225.216-kip-in AISC F9.1

AISC F9.2

AISC G4

AISC G4
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Weld Connection Calculation at Exterior wall connection
D:= —3—in
16
Fgqo:= 70ksi
Three inches of weld for each loom 2.3
angle web Wi e
Py =0.75
Vertical Shear Calculation R, := 0.6 Fgqy 0.707-D 1, = 33.406- kip
DCR( ¢y R, Ry) = (0.09 "OK")
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