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Occupancy: General office and training
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RGA Global Headquarters Introduction

Delivery: Design-Build

_ Project Team: 2 Parking Levels Size: 405,000 GSF
Introduction
Problem Statement & Solution General Contractor: Clayco 5 Office Levels per Tower Cost: Approx. $150 million
Green Roof Garden Breadth Architect: Gensler .
S e * TR
. . ] - A,,s‘:.IIIlllllllllllIlllllIlllllllll = e psm s =2
Gravity System Structural Engineer: Uzun & Case e 4|||1|mllIl!1!_1!1-'%-'-‘--'-"-‘%1'%%1'%1'iiii_i_iiiiiiiiiiiilililililil%%liuii‘i',iiiii T ""'fiiiiiiififi'l iy
. . . i EHH
- LatteratI_Sythem - Civil Engineer: Stock & Associates i e i
onstruction Brea esults
Conclusions Landscape Architect: Forum Studio
Acknowledgements Lighting Consultant: Randy Burkett Lighting Design e = "';“u,.,'.;':"'::‘”""%z i -”“’""f" "f‘_#v;y

MEP/Fire Protection: Environmental Systems Design




RGA Global Headquarters Problem Statement & Solution +172% Dead

+355% Live

713V

+112% Dead

Scenario:

. _ _ +118% Live my v Vhpt
Introduction Owner has decided to incorporate a green roof N Y
Problem Statement & Solution -
Green Roof Garden Breadth

Structural Depth

garden that is open to RGA’s employees

; I
“’v‘,;-‘_,-
o e S R

-- 1 -
f-illlllllllllllIl.lllIllllIlIlllllllllllIl!lllllll l!_l_!!_ll_!l.'ll-'!-"“"'"" G it
f

= A
A

!
Illlllllllllllllflll!lllf Il !

Gravity System ik o fii;
I - e o e o ' i1l i ! J "'f'-""l!""
Lateral System Thesis Study Goals: mm‘ 1 —--III "’ "'il'iiﬂ,l'.l;i "'-'-'-"""'";%’iiiiimmlm I
1 . . . . T ‘E‘ T h ' -‘-'-l
Construction Breadth Results 1. Interdisciplinary green roof design

Conclusions

Acknowledgements 2. Revise gravity and lateral systems under

T

8

green roof loading — N\ hlg;!!!!!!" o

A

3. Explore cost and schedule impact




RGA Global Headquarters Green Roof Garden Breadth

Introduction
Problem Statement & Solution
Green Roof Garden Breadth
Structural Depth

Gravity System

Lateral System
Construction Breadth Results
Conclusions
Acknowledgements

Wildflower Plants

G 5770

RN Pl 7 R
v = o ‘@9“ p A
‘ 3 o




RGA Global Headquarters Green Roof Garden Breadth

HANOVER PREST PEDESTAL PAVERS

DECORATIVE FENCE 6' RIVER ROCK FIRE BREAK i b oo L
RESTRICTPUBLIC ACCESS_\ #4 BALLAST PER ANSI/SPRI 14 et A
' T S IR AR I A IR AT I AT AT AT AT T ' a3
Introduction SRR, I
| e s — GARDEN PLANTING Interdisciplinary Design Requirements:
(F;ro o] erFr; Stfz;\(t3 em dent c‘é So Idutt r|1 on R R ﬂ u et b dt U D y g g
reen Root Garden Brea 1 R L
i | et T L T T T T E T T | et T T T T LT et mremrma CONCRETE BENCH . eaSOnable |n|t|a| COSt
Structural Depth S T iuaml i
Gravity System [-}. SEDUM PLANTING - MRGHAMICAL . THOUSE HANOVER PREST 2. Amenity seating area
| 4"GrROwWING '] ROOF PAVERS
Lateral System uS Ll mepwm ) EXISTING STAIR STAIR EXTENDED 3. Tenant circulation
Construction Breadth Results FROM RELOW PARAPET 42" ABOVE
Conclusions Lo el 4. Low maintenance
4 | B IO NN MMM ‘ : CONCRETE PICNIC . i i
Acknowledgements I oeete et ta e et e e " WILD FLOWER PLANTING eteiererels [l ﬂ | V' BENCHPLANTER 5. Architectural lines are uninterrupted
e T T T T T T T T T T T i ﬁlllmﬁlllm[ 4 \N
122' },
290' +




Structural Load Cases 6” Growing Medium:

RGA Global Headquarters Green Roof Garden Breadth
[ Dead: 68 PSF| 4

4” Growing Medium:

Water Live: 34 PSF ‘
Roof Live: 20 PSF ‘
["Public Live: 100 PSF| 4

USDA Roofmeadow Type V System IRRIGATION DRIP LINE Dead: 53 PSF “
— AND SLOTTED SLEEVE*

Plant Hardiness Zone Map
WIND BLANKET* : _ ‘
A 2 O MEDIA® Water Live: 26 PSF |

Missouri > @,
v ?__SEPARA'I'IONFABRIC* Roof Live: 20 PSF ‘

Introduction
Problem Statement & Solution
Green Roof Garden Breadth
Structural Depth

Gravity System

DRAINAGE MEDIA*

= IRRIGATION WATER LEVEL
& RESERVOIR SHEET*
«_Yé/ ~#//ROOT BARRIER (OPTIONAL)**

OR PROTECTION LAYER*
“\— PRIMARY MEMBRANE

~*— INSULATION

=1
+JEFFERSON

Lateral System T
Construction Breadth Results
Conclusions
Acknowledgements

. 0
Dead: +112% " Dead: +172% ‘

%ROOF DECK
, MATERIAL REQUIRES Live: +118% ‘

CERTIFICATION BY ROOFMEADOW

V - DUAL MEDIA OVER RESERVOIR SHEET *F*CONSULT ROOFMEADOW
o\ CONVENTIONAL CONFIGURATICN WITH INSULATION

\»/ NTS.

Live: +355%




.

RGA Global Headquarters Structural Depth P P T A S M

Existing Gravity System ==
Cambered Truss System =

Plate |

| e
Girder |

Le

i 3 o s B 3 - ¢
H § H L 133
e > & d " J [\
vel 02 |- [/ y '
I-— ’ -sez (
[ P 1 1 4 §eonss i H ams § L § e 1 j i i 1 1 ¥
T D A o Pt : e ; e o 8 ¥ o ¢ |
T '») 2 [ )| & 1 1| H 1| - B < i 1|
Y |
T | A i A
s # T il K. ' ’ '. 3
| - N . . e s z N

Structural Depth _._.__ From C.D. ?‘i:l s i ama e EEE e S SR

— |
Gravity System S Rl e - ‘ Roof Framing '\N

e —— —

S

=

Truss T1 From C.D. Truss T2



RGA Global Headquarters Structural Depth

ZTEEN /"’“\
11/P} 11/N}
(5 v, el

{ (

ROOF ROOF
REACTIONS REACTIONS

From C.D.

e

Wa24x192 l/ Wa4x19e L W24X192

Structural Depth
Gravity System

W14¥X145
W14X145
W14X109

Deflection < 3/4”

We7X146 W27X146 44 We7x146

3/4 3/4 T

TRUSS Tl CAMBER CAMBER TRUSS TI
REACTIONS REACTIONS




RGA Global Headquarters Structural Depth

1) ()

o 7

ROOF ROOF
REACTIONS REACTIONS
Ji1 J19

From C.D.

———— —————— o ————————————————— 1 % -

\L W21x101 l > TRUSS T2 REACTIONS
T0 ROOF TRUSS
P2

Structural Depth
Gravity System

Pd &

TRUSS T1

Deflection < 34” REACTION

3747
MAX.

| :1/2*
CAMBER




RGA Global Headquarters Structural Depth

e

~
{2)
.TJ
TRUSS T2 T3TMAK,
REACTIONS iy == SO0
APPLIED W16x26

Structural Depth
Gravity System | > e

W1BX35 ROOF TRUSS
- —p REACTIONS TO

Deflection < 1.73” BRACE FRAMES

TRUSS T2
REACTIONS i
BFELIED 1.73°MAX,




RGA Global Headqguarters

Structural Depth

Introduction
Problem Statement & Solution
Green Roof Garden Breadth
Structural Depth

Gravity System

Lateral System
Construction Breadth Results
Conclusions
Acknowledgements

Existing Lateral System

Two Stage Procedure

odel courtesy of
ensler & Tom Rolfes

Steel Braced Frames

{ = N
\ A0 I/

Concrete Shear Walls

& (Vs M R R S G S S i i | R B I A 3 M AR R i DR AN EM A SNER EE AL iR ARD AR

e T H I L . :
ﬂ |F-|il=lllilllll!lliilll FEEE T CHEL T LELERIRLL T WL LT 11
[pp—_ Il[llillan [ FHRABINCRERRER I AREECN/I K FNRARCHE) < B
LI = |



RGA Global Headquarters Structural Depth

Existing Layout: Concentrically Braced Frames
HSS Braces ‘ | |
From C.D. R=3 = e | |7 o || g—

— COL. SPLICE

Structural Depth

Lateral System

SHEAR WALL




RGA Global Headquarters Structural Depth ETABS Model/_/;_,

5000
: Seismic Force Adjustments: 4000
Introduction ' 2000
Problem Statement & Solution Assume Seismically Detailed R = 7 W HSS
Green Roof Garden Breadth T t ] _ t 2000 ® BRB
Structural Depth WO stage procedure impac 1000
Gravity System 0 |
Lateral System Base Shear Comparison (k)
Construction Breadth Results
Conclusions New Response New Period New Office Base Shear New Ratio New Structure Base
Acknowledgements R=7 Ta = 8.42 sec. V=323k 1.75 Shear

V =1552 k

e As-Built: R=3 ¢ As-Built: 0.561 s ¢ As-Built: V=3338 k ¢ As-Built: 1.0 e As-Built: V =4235 k




RGA Global Headquarters

Structural Depth

Lateral System

Controlling Frame

Design Forces

I M CHTMINMETRYA CONTROLLING LOAD CASE:
. 1.28D+L+0.25+1.0E
SIPATI M \WHERE E IS SEISMICY-5%X

Structural Depth

Controlling load combination:
(1.2 +0.2Sps) D + pQe+ L + 0.2S
From ASCE 7-0512.4.2.3

« SDCC e R=7

¢ 1=1.25 * Cd=5.5
*p=1.0 * Fy =46 ksi
* Sps = 0.400

BF5&6
Member Sizes &
Code Check

STARBRB-36.0 =
Buckling-Restrained
Brace with 36 sq. in.

steel core area

W21 X68

~t
[
>
-
=




RGA Global Headquarters

Construction Breadth

Introduction
Problem Statement & Solution
Green Roof Garden Breadth
Structural Depth

Gravity System

Lateral System
Construction Breadth Results
Conclusions
Acknowledgements

Roof System & Supporting Structure Cost Summary:
As-Built Project : $1,717,700

$60.38 per SF
Green Roof : $5,774,600

$202.97 per SF

Includes:

*10% Overhead and Profit eL_ocation
*49% Missouri Sales Tax *Time

*5% Contingency

As-Built

Green Roof

Sg. Ft. Cost

$0.00

Square Foot Cost Comparison

$50.00 $100.00

$150.00

$200.00

Schedule Activity Duration Comparison

$250.00

30 40 50
Activity Duration (Days)

60

70

80

m As-Built
B Green Roof

M Truss Framing
® Roof Framing

™ Roof System



RGA GlObaI Headquarters Conclusions Thesis Study Conclusions:

 Green roof designed with interdisciplinary approach

System Conclusions:  Implications on gravity and lateral systems

ntroduction « Green roof garden system is feasible considered and minimized where possible

Problem Statement & Solution « Cantilever impact minimized « Accounted for cost and schedule factors
Green Roof Garden Breadth

Structural Depth « Buckling-restrained braces work, but are not T - e
_ T l-‘-l-l'|.|.l.l'|.l.."llm"‘ul.l.‘.iiiiiiiiii,iiil..Illlllll'!y_._".'"" T e
Gravi ty SyStem most efficient in this app lication = 4uili!lll!l-“ll!l%%:!'ll-“l%rélllml%llillili|i|i|.|:.i.lilw mrlmmrlml'"iiiﬁimmﬁﬁi’llﬂ”'f
] IS LT Thss iiiiiiiiii“llli:"'"l'll-l-lllmi" (il lll'll'”ﬂlll'l_’,'.’ ........ j ififl'!im i
Herel syser - Cost and schedule i ble, but T g e
Construction Breadth Results Ost aht schedule Increase reasonable, bu L itivating 1L gl
—A et | [ I "m-,-;ﬁ'inu_l_l_lfl

!
-

Conclusions final decision rests in the owner’s hands
Acknowledgements

= =I_l
=

T

e

=
-‘.
-

i
il fﬁ'-« i

WL
=

i

L

!:*n-?'

- e
S




RGA Global Headquarters Acknowledgements

Introduction

Problem Statement & Solution Heather Sustersic
Green Roof Garden Breadth ]
+
Structural Depth Ruby+Associates
Gravity System Perry Esslinger & Tom Rolfes with Clayco
Lateral System Family, Friends, God

Construction Breadth Results
Conclusions
Acknowledgements

Images courtesy of Gensler & Tom Rolfes



RGA Global Headquarters

Questions?

Introduction
Problem Statement & Solution
Green Roof Garden Breadth
Structural Depth

Gravity System

Lateral System
Construction Breadth Results
Conclusions
Acknowledgements

=

HANOVER PREST PEDESTAL PAVERS

DECORATIVE FENCE 6 RIVER ROCK FIRE BREAK ANOVER PRE
\ #4 BALLAST PER ANSI/SPRI 14 /_ 2RISR Y WM

RESTRICTPUBLIC ACCESS
PER ROOFMEADOW SPECIFICATION

3

—

0 f > WILD FLOWER PLANTING : e T ~—GARDEN PLANTING
s, ST ORONMG MEDIM L S
s I] == el
-f'f't'f't'f'f't'} - 7 p = - : f'
SEDUM PLANTING ] HEGHANEALEEITHONSE HANOVER PREST
ask 4" GROWING ' it : ROOF PAVERS
MEDIUM ') _—EXISTING STAIR STAIR EXTENDED = /
RICERIKREN . FROMBELOW X i PARAPET 42" ABOVE
ARAE SR N 2 S = T.0. MEDIUM
|] : = L CONCRETE PICNIC
22 S BENCH PLANTER

T |||“||I“l|ll
il

11

L
%ﬁmmmy

S

e

-s_‘---- e Al 'I"'l."l'lll"."l'"i'}'lﬂﬂ'ﬁhgﬁ.

T LT sess| ; lllllll!lllllllll'i'.'l, llllllj,l.f.!f.'.’.'.’.!,...,.,.,.w
i 5 Iy -1 ""
g ;

i ]

"‘u e N
neLs s
"' l'st'.lli",nll.

i

T

L
i
!



